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6. DEVELOPMENT SCENARIOS
6.1 The two base scenarios
In the preceding chapters we have treated the possible objectives for development of the Region and the main constraints and
relations included in the model. On the basis of these elements it is possible to generate technically feasible scenarios for
agricultural land use with their associated production and input levels.
Each scenario is characterized by the goal optimized and the set of restrictions imposed on the other objectives. In other words, a
scenario represents the results of the optimization of one goal variable, subject to a particular set of restrictions on the other goal
variables and, of course, subject to all model restrictions. Changing these model restrictions, for example the constraints imposed
on or certain coefficients, leads to modifications of the base scenario.
In this chapter we will focus on the optimization of one goal in particular, maximization of total gross (or monetary) revenue,
under two sets of goal restrictions. One set of restrictions represents a more risk-taking attitude, the other emphasizes avoiding
catastrophe under unfavourable weather conditions. Moreover, the latter strategy places a higher premium on restricted
emigration. Satisfying these additional requirements implies that the value of the monetary revenue in a normal rainfall year is
lower. In technical terms: the feasible area will be more restricted and hence the optimum value of the goal to be maximized will
be lower. To what extent this happens, in other words, the price one has to pay for diminishing risks, will be illustrated in the
next sections.
First, the two base scenarios, or main development strategies, for the agricultural sector of the Region are introduced.
6.1.1 R-scenario
This more Risky, high-revenue development scenario (R-scenario) is characterized by:
- a high production surplus (in monetary terms) in a normal rainfall year; 
- permitted emigration of up to 250 000 persons (almost one fifth of the original population of the Region); 
- no strong demands on minimum production levels in either a normal or a dry year;
- acceptation of a relatively large grain deficit and a relatively large number of animals at risk in a dry year.
6.1.2 S-scenario
This Self-Sufficiency, Safety-first development scenario (S-scenario) is characterized by:
- self-sufficiency in basic food, also in dry years (as much as reasonably possible);
- low-risk;
- an even distribution of production over the agro-ecological zones;
- a certain degree of diversification among the main crops;
- restricted emigration;
- high employment.
6.2 Results of the two base scenarios at the regional level
6.2.1 Construction of the S-scenario
In the R-scenario total gross revenue from crop, livestock and fishery activities is maximized under relatively loose restrictions
on other objectives. The S-scenario is constructed by successively, in six steps, tightening the restrictions on these objectives. At
each step the optimum value that can be attained for total gross revenue decreases.
Maximum
attainable
total gross
revenue
[billion
FCFA]
R-scenario 66.7
step 1:
Emigration < 50 000 persons (250 000 in the R-scenario) 45.7
step 2:
Total regional grain deficit in a dry year < 110 000 t millet-equivalents (was < 150 000) and sum grain deficits in 43.1
agro-ecological zones < 130 000 t millet-equivalents (was < 150 000)
step 3:
Number of animals at risk in a dry year < 100 000 TLU (was < 400 000) 36.0
step 4:
Rice production in a normal year > 42 000 ton (was > 20 000) 35.2
step 5:
Monetary inputs in crop activities < 15 billion FCFA (was < 20) 33.7
step 6:
Employment > 336 000 man-year (was > 300 000) = S-scenario 32.5
In Table 6.1 the values assumed by the goal variables at each of these steps are presented. The value of the goal optimized is
given in row 8 and printed in bold. The restriction introduced at each step is underlined. An "*" denotes a binding restriction: the
goal restriction imposed is a constraint on attaining a higher total gross revenue. These binding restrictions are discussed in
Subsection 6.2.3.
Table 6.1. Values of the goal variables under increasingly tighter restrictions, going stepwise from the R- to the S-scenario.
RESTRICTION VALUE OF THE GOAL VARIABLES
in the (1) (2) (3) (4) (5) (6) (7)
R-scenario R-scenario Emigration Grain def. Animals Rice, nor- Money Employment
< 50 000 <130 000 at risk mal year input crops > 336 000
GOAL VARIABLE persons & < 110 000 < 100 000 > 42 000 <15 000 mn-yr =
ton TLU ton mill. FCFA S-scenario
PRODUCTION, NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio > 160 160* 214 290 291 285 282 282
2. Rice > 20 29 29 29 31 42* 42* 42*
3. Marketable crop products - 45 55 129 133 139 92 101
4. Total meat - 125 124 122 98 95 90 87
5. Beef - 66 66 70 60 61 62 56
6. Milk > 204 228 227 232 204* 204* 204* 204*
7. Animals [1000 TLU] - 1762 1776 1807 1519 1513 1530 1491
MONETARY TARGETS, NORMAL YEAR [109 FCFA]
8. Gross Revenue of crops,
livestock and fisheries - 66.7 45.7 43.1 36.0 35.2 33.7 32.5
9. Money inputs crops < 20 6.0 10.9 16.7 16.9 17.1 15.0* 15.0*
10. Money inputs livestock - 2.2 2.2 2.3 1.9 1.8 1.7 1.6
11. Money inputs crops, 
livestock and fisheries - 15.2 17.8 25.9 25.7 25.8 23.6 23.6
PRODUCTION, DEFICITS AND RISKS IN A DRY YEAR [1000 ton]
12. Millet, sorghum & fonio - 82 116 155 156 152 151 152
13. Rice > 10 10* 10* 10* 10* 13 12 12
14. Crop products - 189 226 266 266 265 227 235
15. Regional grain deficit < 150 141 150 110* 110* 110* 110* 110*
[1000 t millet-equiv.]
16. Sum grain deficits of < 150 150* 150* 130* 130* 130* 130* 130*
agro-e.z. [1000 t m.eq.]
17. Number of animals at < 400 400* 400* 400* 100 * 100* 100* 100*
risk [1000 TLU]
OTHER
18. Employment [1000 mn-yr] > 300 336 343 345 300* 302 300* 336*
19. Emigration [1000 persons] < 250 250* 50* 50* 50* 50* 50* 50*
*: binding; : restriction introduced
6.2.2 Total gross revenue
Total monetary revenue of the agricultural sector in the Region ranges from 66.7 billion FCFA (222 million US$) in the R-
scenario to 32.5 billion FCFA (108 million US$) in the S-scenario. This implies a per capita monetary income of 64 000 FCFA
(212 US$) per year in the R-scenario, in which emigration of a quarter of a million people is allowed, and of 26 000 FCFA (87
US$) per year in the S-scenario with 50 000 emigrants. Note that in addition to monetary income there is income in kind
(Subsection 6.2.4 ).
The difference in total gross revenue between the two scenarios can largely be explained by the restrictions on emigration and
number of animals at risk in a dry year in the S-scenario. Tightening the emigration restriction from 250 000 to 50 000 people,
reduces total gross revenue by 21 billion FCFA (compare columns (1) and (2) in Table 6.1, row 8). Adding the restriction that
only 100 000 instead of 400 000 TLU may be at risk in a dry year, reduces gross revenue by a further 7.1 billion FCFA (columns
(3) and (4) in Table 6.1).
One must keep in mind that the results, both with respect to land use and to income levels, strongly depend on the prices of
inputs and outputs that are assumed. In Subsections 6.4.2 and 6.4.3 results obtained under different price regimes will be
presented. The prices of inputs and outputs are given below.
A. Prices of inputs
Purchase price of nutrient elements (in elementary form) is 450, 1 250 and 450 FCFA kg-1, for nitrogen, phosphorus and
potassium, respectively. Concentrates have a price of 44 FCFA kg-1.
B. Prices of outputs
Producer prices of crop products [FCFA kg-1 DM] are 55 for ('hull-less' grains), 56 for sorghum ('hull-less' grains), 70 for rice
(paddy) and fonio (hulled grain), 75 for cowpea (shelled) and for groundnut (unshelled). Producer prices are 59 FCFA kg-1 fresh
weight for shallots (combination of leaf blades and bulbs) and 96 FCFA kg-1 fresh weight for the 'other vegetables'.
Producer prices for livestock products are 320 and 340 FCFA kg -1 liveweight for beef and small ruminant meat, respectively.
Producer price of milk at Mopti is 180 FCFA kg-1, wheras that of fish is 275 FCFA kg -1 fresh weight.
Incoming money from emigrants amounts to 75 000 FCFA person -1 year-1.
The rather low revenues in both scenarios are to a large extent due to the low profitability of arable farming (Table 6.2), which in
addition to the unfavorable price ratios, is due to the satisfaction of subsistence needs for grain and the requirement of sustainable
exploitation in terms of nutrients. The former requirement implies that only a limited part of the crop products are marketed and
thus contribute to income. The requirement of sustainability implies that soil exhaustion is not permitted; application of fertilizer
is often necessary to attain target yields, because fallowing and organic manure cannot satisfy the nutrient requirements dictated
by export from the field and unavoidable losses. Fertilizer must be paid in money, which reduces monetary income (Table 6.3).
Table 6.2. Breakdown of Total Gross Revenue [109 FCFA].
SOURCE VALUE MARKETABLE MONETARY GROSS
OUTPUT INPUTS REVENUE
R-scenario
Livestock 37 2 35
Fisheries 22 7 15
Crops 3 6 -3
Emigration 19
Total 66
S-scenario
Livestock 24 2 22
Fisheries 21 7 14
Crops 7 15 -8
Emigration 4
Total 32
Table 6.3. Breakdown of Gross Revenue of arable farming [109 FCFA].
R-SCENARIO S-SCENARIO
INCOMEa)
Millet -3.0 2.1
Sorghum 0 0
Fonio 0 0.0
Groundnut 0.8 -0.5
Cowpea -0.2 0.5
Shallot 4.3 0.9
Other vegetables 0.2 2.4
Rice 1.2 1.5
Total 3.3 6.9
EXPENDITURE
Fertilizer 3.4 11.0
Other operating costs 1.3 1.9
Capital charges 1.2 2.1
Total 6.0 15.0
Gross revenue -2.7 -8.1
Value of production used for subsistence needs 15.0 17.9
a)value of production minus subsistence needs. 
0: less than 0.5 units.
6.2.3 Shadow prices
As shown in Table 6.1, a number of goal restrictions is binding. Logically, this occurs more frequently in the S-scenario that is
characterized by tighter constraints on the goal variables than in the R-scenario. A binding restriction indicates that a more
favourable value of the optimized goal variable could have been obtained, if that restriction would not have been imposed. To
what extent the restriction limits the value of the goal optimized, is numerically expressed by its shadow price, defined as the
change in the value of the goal variable at a relaxation of the restriction by one unit. The dimension of a shadow price is
therefore: [unit of the goal variable, in this case million FCFA] / [unit of the restriction].
An example: The shadow price of the restriction 'total rice production > 10 000 ton in a dry year' in the R-scenario is 0.458
million FCFA per ton. This means that if this constraint on rice production would have been relaxed to > 9 999 ton, total gross
revenue of the Region would have been 0.458 million FCFA higher. The 'price' of safeguarding one ton of rice production in a
dry year is thus 458 000 FCFA. Because this refers to a hypothetical 'if... then...' situation, this does not represent the actual
'price' but is referred to as the 'shadow price' of a restriction.
All model restrictions can, in principle, show non-zero shadow prices. In this subsection we discuss only those of the goal
restrictions.
High shadow prices are exhibited by the restriction 'number of animals at risk in a dry year'. In the R-scenario the shadow price is
18 000 FCFA per TLU, in the S-scenario 54 000. The sharp decline in attainable gross revenue when this goal restriction is
tightened, is another expression of its importance.
The upper limit to emigration plays a similar role. Its shadow price is 96 000 FCFA per person in the R-scenario and increases to
236 000 in the S-scenario. The direct effect of restricted emigration on gross revenue is the smaller total amount of money
generated by the emigrants at 75 000 FCFA per person per year. The higher shadow price implies that an additional effect exists
originating from the higher subsistence needs, which is not sufficiently compensated by the higher labour availability in the
Region.
The additional binding goal restrictions in the R-scenario are rice production in a dry year (discussed above) and the upper limit
to the sum of grain deficits over all agro-ecological zones in a dry year. The shadow price for the latter restriction is, however,
low: 2 FCFA per kg millet-equivalent.
This is not the case in the S-scenario, where the restrictions on grain deficits in dry years are tighter. Especially the requirement
that total regional grain deficit should not exceed 110 000 ton millet-equivalents, is a major constraint for realizing a higher value
of gross revenue. The shadow price of this restriction is 502 FCFA per kg millet-equivalent which exceeds by far the actual
producer price of 55 FCFA per kg millet.
Another effective restriction in the S-scenario is the upper limit to total monetary input in crop activities, which was set at 15
billion FCFA to limit the dependence on these inputs. Its shadow price is 3.0 FCFA FCFA-1, implying that these inputs are highly
profitable. This, however, only applies to additional monetary inputs close to the limit of 15 billion FCFA; the shadow price
decreases rapidly if the restriction is further slackened. This is reflected in the increase in gross revenue of only 1.5 billion FCFA
when the restriction is slackened to 17.1 billion FCFA (Table 6.1, columns (6) and (5)). Hence, the average shadow price on that
trajectory is 0.7.
The last two binding restrictions in the S-scenario are total milk production in a normal year and total employment. Their shadow
prices are: 25 FCFA per kg milk and 110 000 FCFA per man-year.
6.2.4 Self-sufficiency in basic food
Can the Region provide the minimum basic food needs of its rural population, presently numbering about 1.3 million? For animal
protein, the answer is: yes; for grains, however, hardly.
Subsistence needs for animal protein, set at 175 g of meat (carcass weight) or 600 g of fish (fresh weight) per person per week,
can be satisfied easily, also under unfavourable weather conditions. Moreover, in both base scenarios on average 3 liter of milk
per person per week is available.
For grains, the picture is different. In the R-scenario, even in years with normal rainfall and flood, an overall grain deficit of 23
000 ton of millet-equivalents exists, compared to a total regional grain production of 215 000 ton of millet-equivalents. In a dry
year the deficit increases to 141 000 ton. In this scenario the combined demand of sustainability and maximum total monetary
revenue results in (i) a relatively small area under cultivation, (ii) a rather low level of intensification and (iii) a bias towards the
most profitable, but not necessarily the most energy-rich crops.
In the S-scenario an upper limit of 110 000 ton of millet-equivalents is set to total grain deficit in the Region in a dry year. At
current prices such a deficit would be equivalent to grain imports worth at least 6 billion FCFA (20 million US$). In a normal
year a surplus of 65 000 ton of millet-equivalents is produced, at an overall grain production of 349 000 ton. But even in that
scenario the Region is not a major grain exporter.
Total production levels, including subsistence needs, for the various commodities in normal years with respect to rainfall and
flood, are presented in Figure 6.1.
Figure 6.1. Total production of various commodities in a normal year [ton dry matter; vegetables: fresh weight; oxen and
donkeys: number].
6.2.5 Arable farming
At present, about 4 000 km² is under cultivation in the Region, i.e. just under 5% of its total area. In the S-scenario the area under
cultivation would expand to 4 600 km2, whereas in the R-scenario there would be a slight reduction (3 840 km2). The areas under
fallow are 9 000 and 11 000 km² in the R-scenario and the S-scenario, respectively.
In terms of land use, millet is in both scenarios by far the major crop (Figure 6.2). In the R-scenario 91% of the cultivated land is
under millet; in the S-scenario 85%. Its share in the physical production is somewhat lower, because of the high yields per unit
area of vegetables (Table 6.4 and Figure 6.1, but note that vegetable yields are expressed in fresh weight and grain yields in dry
matter).
Figure 6.2. Land use (a) and cropping pattern on cultivated land (b) in the two base scenarios [km²].
Table 6.4. Breakdown [% of weight] of total crop production in a normal year in the two base scenarios.
CROP PRODUCTION
R-SCENARIO S-SCENARIO
Millet 52.9 69.9
Sorghum 0.3 0.3
Fonio 0.1 0.0
Groundnut 5.5 0.0
Cowpea 0.0 3.3
Shallota 25.8 5.4
Other vegetablesa 5.9 10.7
Rice 9.5 10.4
Total 100.0 100.0
Total absolute [1000 ton] 300 402
a) fresh weight.
The contribution of groundnut to total crop production is 5% in the R-scenario while the crop is absent in the S-scenario. In the
latter scenario cowpea contributes 3% to total production. Cowpea cultivation is selected in the optimization when emigration is
limited (step 2), groundnut cultivation is no longer selected when the total monetary inputs in crop activities are restricted (step
5). The preference for cowpea in the S-scenario can partly be explained by the very low groundnut yields in dry years which
interfere with the stricter limit on grain deficits in dry years in that scenario.
When monetary revenue is maximised, sorghum and fonio are very minor crops, each contributing less than 0.5% to total
production. No fodder crops, neither fodder cowpea nor bourgou, are selected, given the prices of fertilizer and meat in these
base runs. From the point of view of generating gross revenue, rice is neither an attractive crop. Rice is selected in the two
scenarios because of explicit minimum goal restrictions: in the R-scenario on production in dry years, in the S-scenario on
production in normal years (Table 6.1, rows 2 and 13). Without these restrictions no rice would be produced (and gross revenue
of the Region would be 2.6 billion FCFA higher). Shallots and other vegetables, on the other hand, are profitable crops: the
available area for cultivation is fully utilized in both scenarios.
Intensification of arable farming is in most instances not profitable. When no restrictions are set on other goal variables (the R-
scenario), only 6% of the total cultivated area is under intensive cultivation, mainly groundnut (Table 6.5). Semi-intensive
cultivation, with moderate doses of external nutrients and traditional production techniques, comprises 42% of the arable land.
The remaining 52% is under extensive cultivation, i.e. without inorganic fertilizer and with traditional production techniques.
Table 6.5. Breakdown [% of cultivated land] of crops according to the three production levels in the two base scenarios.
CROP LAND USE
R-SCENARIO S-SCENARIO
Extensive
Millet 50.8 38.8
Sorghum 0.6 0.5
Fonio 0.1 0.0
Rice 0.6 6.0
Subtotal 52.1 45.3
Semi-intensive
Millet 38.9 24.9
Cowpea 0.0 6.0
Rice 3.0 2.0
Subtotal 41.9 32.9
Intensive
Millet 1.0 21.0
Groundnut 4.0 0.0
Other vegetables 0.9 0.7
Rice 0.1 0.1
Subtotal 6.0 21.8
Total 100.0 100.0
Total absolute [km²] 3 840 4 581
In the S-scenario, where more mouths must be fed and grain deficits in a dry year are more tightly restricted, intensification is
much more common. This is reflected in the increase in monetary inputs in crop activities, under tighter restrictions with regard
to permitted emigration and grain deficits (Table 6.1, row 9). To guarantee the required minimum grain production also in dry
years, 21% of the cultivated area is under intensive millet cultivation. Intensive cowpea or groundnut cultivation appears to be
less attractive in view of the multiple claims. When an upper limit is set to total monetary input in crop activities (step 6), they
are the first not to be selected anymore.
Summarizing, intensification as such is only profitable for groundnut on a limited area, but may be necessary to achieve the
minimum required grain production for subsistence. Intensification of millet is then the selected option. Moreover, the lower risks
accepted in the S-scenario in terms of the availability of regionally produced grain, is 'paid for' by higher risks of fluctuations in
external prices due to a greater dependency on chemical fertilizer.
In Table 6.6 the difference in intensification level between the R- and the S-scenario is presented in another way. It shows
inorganic fertilizer and organic manure application for each crop as a weighted average of the selected production techniques.
Table 6.6. Application of chemical nitrogen and phosphorus fertilizers and manure in the various crop activities in the two base
scenarios.
CROP APPLICATION
R-SCENARIO S-SCENARIO
Nitrogena [kg ha-1]
Millet, sorghum & fonio 6 27
Groundnut 30 -
Cowpea - 0
Vegetables 0 0
Rice 191 67
Phosphorusa [kg ha-1]
Millet, sorghum & fonio 1 3
Groundnut 9 -
Cowpea - 3
Vegetables 0 0
Rice 8 3
Manure [kg DM ha-1]
Millet, sorghum & fonio 1 000 1 100
Groundnut 0 -
Cowpea - 0
Vegetables 8 800 7 000
Rice 3 500 1 200
a) in elementary form.
0: less than 0.5 units.
-: zero value.
6.2.6 Livestock
According to IUCN (1989), the number of livestock in the region in the period 1977-1987 varied between 450 000 and 1 700 000
TLU. (A Tropical Livestock Unit [TLU] is a 'standard' animal with a liveweight of 250 kg (Subsection 3.3.1)). In June 1987
Resource Inventory and Management Ltd counted in total 1 123 000 TLU, consisting of 846 000 cattle, 228 000 sheep and goats
and 49 000 camels and donkeys (RIM, 1987).
The number of animals in the two base scenarios is 1 762 000 TLU in the R-scenario and 1 491 000 in the S-scenario (Table 6.7).
Note that these numbers can be supported for the species composition as given in Table 6.7. Dry matter intake per TLU varies
with species, hence a different population composition will lead to a different total forage requirement for the same animal
density.
Table 6.7. Number [1000 TLU] and % of the total number of animals according to species and to selected diet in the two base
scenarios.
NUMBER
R-SCENARIO S-SCENARIO
[No] [%] [No] [%]
SPECIES
Cattle
sedentary 228 12.9 296 19.9
semi-mobile 40 2.3 88 5.9
migrant 781 44.4 632 42.3
Subtotal 1 049 59.6 1 016 68.1
Sheep
sedentary 9 0.5 7 0.5
semi-mobile 398 22.6 201 13.5
migrant 175 9.9 26 1.7
Goats
semi-mobile 78 4.4 163 10.9
migrant 5 0.3 31 2.1
Subtotal 665 37.7 428 28.7
Donkeys 32 1.8 32 2.1
Camels 16 0.9 16 1.1
Total 1 762 100.0 1 492 100.0
DIET
I 349 19.8 594 39.8
II 169 9.6 71 4.8
III 1 230 69.8 815 54.6
IV 14 0.8 12 0.8
Total 1 762 100.0 1 492 100.0
Most of the animals can be fed on diet III, representing forage of rather good quality, with an average N-content over the year of
11 g kg-1 (Section 3.3). In the S-scenario, however, 40% of the animals are on the minimum diet I, with an average N-content of
only 9 g kg-1. In this scenario the number of sedentary animals is relatively high.
Semi-intensive animal husbandry is limited to 7 000 head of cattle for milk production around Mopti-town in both scenarios
(which corresponds to the upper limit set to this activity) and 70 000 (S-scenario) or 90 000 (R-scenario) head of sedentary
fattened sheep.
Compared to the estimate of the present number of animals, the two base scenarios show a 20% increase in cattle, a stabilization
of the number of transport animals and a considerable expansion of the small ruminant population, especially sheep. The latter is
mainly the result of the slightly higher price of mutton and goat meat as compared to beef and the relatively high ratio of meat
production to dry matter intake of sheep (0.022 and 0.029 kg kg-1 I for diet I and III, respectively, Section 3.3). Only for migrant
cattle on diet III the conversion efficiency is higher (0.038 kg kg-1) and they are therefore prominently present in both scenarios
too.
The forage requirements, associated with this herd size and composition in the Region, are given for a normal year in Table 6.8a.
They range from 2.6 to 3.3 million ton in the dry season and from 0.9 to 1.1 million ton in the wet season in the S- and R-
scenario, respectively. In the wet season, 43% (S-scenario) or 50 % (R-scenario) should be provided by the wet season pastures
(> 15 km). The availability of forage differs between the scenarios, because land use and hence pasture areas are different.
Forced by model restrictions, available forage in normal years is always sufficient to meet the requirements. In dry years, forage
availability can fall short of the requirements (Table 6.8b). The degree to which this is allowed to happen is dictated by the
number of animals permitted to be at risk in dry years. In the R-scenario this is set at 400 000 TLU, in the S-scenario at 100 000
only. Table 6.8b shows that forage supply of practically all feed categories is insufficient in dry years. Only the availability of
browse is not a constraint for the Region as a whole. This does not, however, exclude restrictions at the level of agro-ecological
zones.
Table 6.8a. Available and required forage [1000 ton] in the two base scenarios in a normal year.
R-SCENARIO S-SCENARIO
AVAILABLE REQUIRED AVAILABLE REQUIRED
By-products & Pasture Total By-products & Pasture Total
concentrates concentrates
Dry season
Pasture < 15 kma
Quality
1.Low 430 349 779 640 576 341 917 655
2.Moderate 11 1 014 1 025 1 771 37 937 974 1 440
3.Good 0 2 105 2 105 894 8 1 950 1 958 513
4.Excellent 7 10 17 6 6 11 17 5
Subtotal 448 3 478 3 926 3 311 627 3 239 3 866 2613
Browse - 115 115 67 - 114 114 103
Wet season
Pasture < 15 kma
Quality
1.Low - 0 0 0 - 0 0 0
2.Moderate - 0 0 0 - 0 0 0
3.Good - 339 339 227 - 358 358 232
4.Excellent - 432 432 331 - 421 421 286
Subtotal - 771 771 558 - 779 779 518
Pasture > 15 kma - 650 650 569 - 650 650 387
a) Distance to a permanent water point
Table 6.8b. Available and required forage [1000 ton] in the two base scenarios in a dry year.
R-SCENARIO S-SCENARIO
AVAILABLE REQUIRED AVAILABLE REQUIRED
By-products & Pasture Total By-products & Pasture Total
concentrates concentrates
Dry season
Pasture < 15 kma
Quality
1.Low 262 115 377 640 356 110 466 655
2.Moderate 5 807 812 1 771 20 746 766 1 440
3.Good 0 1 330 1 330 894 4 1 247 1 251 513
4.Excellent 3 10 13 6 3 11 14 5
Subtotal 270 2 262 2 532 3 311 383 2 114 2 497 2613
Browse - 115 115 67 - 114 114 103
Wet season
Pasture < 15 kma
Quality
1.Low - 0 0 0 - 0 0 0
2.Moderate - 0 0 0 - 0 0 0
3.Good - 79 79 227 - 89 89 232
4.Excellent - 415 415 331 - 410 410 286
Subtotal - 494 494 558 - 499 499 518
Pasture > 15 km a - 367 367 569 - 367 367 387
a) Distance to a permanent water point
6.2.7 Fisheries
In both base scenarios the maximum allowed quota of fish (93 000 ton in a normal year and 53 000 in a dry year) is indeed
caught. In other words, fisheries are profitable compared to other agricultural activities.
The labour productivity of the average fisherman is higher in the R-scenario than in the S-scenario, amounting to 2.5 and 1.9 ton
of fresh fish per household per year, respectively. This corresponds with a productivity per man-year of 960 kg and 770 kg of
fresh fish per year, respectively. The higher productivity in the R-scenario is the result of the higher proportion of migrant
fishermen with fisheries as their main occupation (which have the highest capital endowment, Section 3.4) in the total number of
households involved in fishing (Table 6.9).
Total monetary inputs in fisheries are about the same in both scenarios: 7 billion FCFA annually, comprising just over 50%
capital charges. With a marketable production worth 22 and 21 billion FCFA in a normal year, remuneration of labour is 155 000
and 115 000 FCFA man-year-1 in the R-scenario and the S-scenario, respectively.
Table 6.9. Distribution of households [% of total number of households engaged in fisheries] and total number of households
engaged in fisheries in the two base scenarios, according to mobility and main occupation.
ACTIVITY DISTRIBUTION
R-SCENARIO S-SCENARIO
Fishing main occupation, migrant 44 4
Fishing main occupation, sedentary 0 34
Fishing secondary occupation, sedentary 56 62
Total 100 100
Total number of households 37 500 48 400
6.3 Results of the two base scenarios per agro-ecological zone
6.3.1 Introduction
Land use, production and inputs, as presented in the preceding section, are calculated by the model at the level of the agro-
ecological zones also. In this section we give a summary of these results, which in full detail can be found in Annexe A (R-
scenario) and Annexe B (S-scenario).
As explained in Section 4.1, a large number of restrictions is included in the optimization model. Many of these apply to each
agro-ecological zone. In Table 6.10 three groups of restrictions are presented, relating to:
- The requirement that labour demand per agro-ecological zone should not exceed labour supply, in any of the six periods of the
year distinguished (Subsection 3.1.3).
- The requirement that in any agro-ecological zone enough oxen are available (i.e. enough forage to meet their food
requirements).
- The requirement that the necessary organic manure for arable farming and for fuel is indeed produced in each agro-ecological
zone (i.e. the number animals in that agro-ecological zone should be sufficient).
These restrictions should always be met, however, they are not always binding. Binding means that a restriction constitutes an
obstacle for attaining a more favourable value of the goal variable optimized (in this case total gross revenue).
Table 6.10. The occurrence of binding labour, oxen or manure restrictions in each of the agro-ecological zones in the two base
scenarios (* = binding).
RESTRICTION Sourou Séno Plateau Delta Méma Séno Gourma Bodara Zone Hodh Méma
Bankass Central Dioura Mango Lacustre Sourango
R-scenario
Labour during
1.Land prep./sowinga . . . . . . . . . . *
2.First weedinga . . * * * * * * * * *
3.Rest growing season . . . . . . . . . . *
4.Harvest millet . . . . . . . . . . .
5.Harvest rice . . . * . . . . . . .
6.Rest of the year . . . * . . . . . . .
Oxen availability * * * * * * * * * * .
Manure availability * * * . . . * . . . .
S-scenario
Labour during
1.Ploughing/sowinga . . . . . . . . . . *
2.First weedinga * . . . * * * * * * *
3.Rest growing season . . . . . . . . . . *
4.Harvest millet . . . . . . . . . . .
5.Harvest rice . . . * . . . . . . .
6.Rest of the year . . . * . . . . . . .
Oxen availability * * * * * * * * * * .
Manure availability * * * * * . * . * . .
a) refers to rainfed crops
In the R-scenario, labour during the period of the first weeding of millet is binding in all agro-ecological zones, except in the
southern ones Sourou and Séno Bankass. In the S-scenario, the exceptions are the agro-ecological zones Séno Bankass, Plateau
and Delta Central. Harvest time of rice is a peak labour period in the Delta Central, but also during the dry season ('rest of the
year') labour is scarce, contrary to all other agro-ecological zones, due to fishing activities, livestock herding and vegetable
cultivation.
The period of land preparation and sowing of millet, just after the first rains, the remainder of the growing season after the first
weeding and harvest time of millet are periods during which labour is not a limiting factor. An exception is Méma Sourango for
the first two periods, due to the required labour input for herding. No arable farming takes place in this agro-ecological zone,
hence, contrary to all other agro-ecological zones, availability of oxen is not restrictive here.
Shadow prices for the oxen restriction are generally higher in the S-scenario than the R-scenario. In the S-scenario they range
from 6 900 FCFA per ox in Méma Dioura to 125 000 in the Delta Central. (Shadow prices indicate the additional gross revenue
that could have been obtained if the restriction would be relaxed by one unit, in this case one ox, see also Subsection 6.2.3) In the
R-scenario the shadow prices for oxen vary from 10 000 FCFA per ox in Méma Dioura and Séno Mango to 20 000 in the Zone
Lacustre.
In the R-scenario, the manure restriction is binding in the two southernmost agro-ecological zones, Sourou and Séno Bankass,
and on the Plateau and in the Gourma. In the S-scenario, manure is binding, in addition, in the Delta Central, Méma Dioura and
the Zone Lacustre. Moreover, the shadow prices are consistently higher in the S-scenario than in the R-scenario. In the S-
scenario they range from 6 700 FCFA per ton manure dry matter in Méma Dioura to 216 000 on the Plateau; in the R-scenario
from 14 000 FCFA per ton in the Gourma to 17 000 in Sourou.
In the Delta Central, the Zone Lacustre, Bodara and Hodh, manure is used as a substitute for firewood, with its consumption set
at 0.5 kg person-1 d-1. This requirement only is binding in the Delta Central and the Zone Lacustre in the S-scenario, as
additional restrictions are imposed.
Another important set of model restrictions, i.e. the requirement that in a normal year demand for forage should not exceed its
supply, is analyzed in Table 6.11.
Table 6.11. The occurrence of binding foragea restrictions in each of the agro-ecological zones in the two base scenarios in a
normal year (* = binding).
RESTRICTION Sourou Séno Plateau Delta Méma Séno Gourma Bodara Zone Hodh Méma
Bankass Central Dioura Mango Lacustre Sourango
R-scenario
Wet season
Total, all qualities .
. . . . . . . . . .
Quality 2 and higher . . . . . . . . . . .
Quality 3 and higher . . . . . . . . . . .
Quality 4 * * * * . * * . . . .
Dry season
Total, all qualities . . . . * * . * * * .
Quality 2 and higher * * * . . . * . * . .
Quality 3 and higher . * . . * * . * . * *
Quality 4 . . . . . . . * * * .
Browse * * * . . . * . . . .
S-scenario
Wet season
Total, all qualities . . . . . . . . . . .
Quality 2 and higher . . . . . . . . . . .
Quality 3 and higher . . * . . . * . . . .
Quality 4 * * . * . * * . . . .
Dry season
Total, all qualities . . . . . . . . . . .
Quality 2 and higher * * * . . . * . . . .
Quality 3 and higher . . . . * * . * . . *
Quality 4 . . . . . . . . * . .
Browse * * * . . . * . . . .
a) refers to forage supply within a 15 km radius of a permanent water point.
On the Plateau, for example (third column of Table 6.11), availability of forage of excellent quality, class 4, during the wet
season, is restrictive in the R-scenario. (Quality classes of forage are defined in Paragraph 3.3.2.1 and Subsection 3.3.3 ) In the S-
scenario, forage availability of class 3 and higher is binding in the wet season. In the dry season, forage availability of class 2 and
higher is restrictive in this agro-ecological zone in both scenarios. In addition, if more browse would have been available a higher
gross revenue could have been reached.
The forage restrictions are, at least during the dry season, more frequently binding in the R-scenario than in the S-scenario. In the
dry season, for instance, in the S-scenario the total quantity of forage available is not binding in any of the agro-ecological zones,
while in the R-scenario it is in Méma Dioura, Séno Mango, Bodara, the Zone Lacustre and Hodh. Apparently, in the S-scenario
other restrictions, i.e. the permitted number of animals at risk in a dry year, take over the role of some of the forage restrictions.
Shadow prices of the forage restrictions cover a wide range of values. During the dry season, maximum values of 26 FCFA kg-1
forage (R-scenario, Zone Lacustre, quality class 4) and 75 FCFA kg-1 (S-scenario, Séno Bankass, quality class 2 and higher) are
attained. In the wet season shortage of forage is in some cases even more costly. Maximum shadow prices of 57 FCFA kg-1 (R-
scenario, Delta Central, quality 4) and even 308 (S-scenario, Delta Central, quality 4) are reached. More browse would lead to
greater goal attainment, especially in Séno Bankass: the shadow prices are 5 and 118 FCFA kg-1 forage in the R- and the S-
scenario, respectively.
-1
Assuming the actual price of concentrates, 44 FCFA kg  dry matter, as criterion, importing concentrates appears to be profitable
in the situations given in Table 6.12.
Table 6.12. Values of the shadow prices for the forage restrictions for situations where they exceed 44 FCFA kg-1 in the two base
scenarios.
AGRO-ECOLOGICAL ZONE SHADOW PRICE SEASON SCENARIO
Séno Bankass 118 dry S
Séno Bankass 178 wet S
Séno Bankass 53 wet R
Delta Central 308 wet S
Delta Central 57 wet R
Additional situations where import would become attractive if the price of imported concentrates would be half the current price
are given in Table 6.13.
Table 6.13. Values of the shadow prices for the forage restrictions for situations where they are in the range of 22 to 44 FCFA
kg-1 in the two base scenarios.
AGRO-ECOLOGICAL ZONE SHADOW PRICE SEASON SCENARIO
Plateau 42 dry S
Plateau 30 wet S
Gourma 25 dry S
Zone Lacustre 23 dry S
Zone Lacustre 26 dry R
6.3.2 Sourou
In the S-scenario, Sourou is the main grain producer, though it ranks only third in size, fifth in total population and no rice
cultivation of any importance is possible in this agro-ecological zone (see for areas and population sizes of the agro-ecological
zones Table 2.10). In a normal year, in this scenario 87 000 ton of millet is produced, or 31% of the total regional production, as
a result of a high level of intensification: almost 60% of the 641 km² under millet is cultivated under intensive and another 18%
under semi-intensive production techniques (Figure 6.3). Average fertilizer application per ha is 65 kg N, 9 kg P and 38 kg K. In
addition, on average 1 700 kg of organic manure (dry matter) per ha is applied.
Monetary inputs, including the costs of fertilizer, amount to 68 000 FCFA ha-1, at an average net yield of 1 360 kg grain ha -1
(dry matter) in a normal and 700 in a dry year. At a producer price of 55 FCFA per kg, however, millet cultivation is hardly a
profitable activity. The main reason for intensification in the S-scenario is safeguarding a certain minimum grain production.
In the R-scenario, where the upper limit on grain deficits in dry years is less strict and subsistence needs are lower, the level of
intensification is much lower. Sourou, in this scenario, is still an important grain producer, but is as the main one replaced by
Séno Bankass. In the zone, in a normal year, 39 000 ton, or a quarter of the total millet production, is produced. Only 7% of the
553 km² under millet is under intensive and 54% under semi-intensive production techniques. Average net yields per ha are
consequently considerably lower: 710 kg grain in a normal year and 370 kg in a dry year. The same holds for the inputs:
application of fertilizer per ha is on average 15 kg N, 1 kg P and 4 kg K. Manure application is 1 600 kg ha-1 and total monetary
inputs are 13 000 FCFA ha-1.
All available organic manure, 89 000 ton in the R-scenario and 110 000 ton in the S-scenario, is utilized in arable farming. The
size of the herd in the dry season is 163 000 TLU in the R-scenario and 180 000 in the S-scenario, representing the third and
second largest herds of all eleven agro-ecological zone. Sourou has, in both scenarios, the highest number of oxen of all agro-
ecological zones, with 17 000 in the R-scenario and 37 000 in the S-scenario. These numbers correspond to an oxen density of
28 (R-scenario) and 52 (S-scenario) oxen per 100 ha of cultivated land.
Figure 6.3. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in Sourou in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
6.3.3 Séno Bankass
This agro-ecological zone ranks third in population size, with 209 000 inhabitants, but only seventh in area. Labour is therefore
relatively abundant and is not limiting in any of the periods distinguished (Table 6.10), not even in the R-scenario with an
emigration of 40 000 people.
Availability of (arable) land appears the main bottle-neck for production, as reflected in the extremely small fraction, less than
3%, of the total area within 6 km of a permanent water point, that is used as natural pasture. Herd size (as always defined for the
dry season) is consequently small, around 50 000 TLU in both scenarios, and animal production is low. Milk production, for
instance, is only 1 150 ton per year, i.e. 0.1 kg per inhabitant per week, compared to an average of 3 kg for the Region as a
whole. The main target for animal production is draught oxen, with some small ruminant husbandry as a side line.
Because of the small herd size, only 25 000 (R-scenario) or 28 000 (S-scenario) ton of organic manure is available. As
predominantly extensive cultivation is practiced in Séno Bankass in both scenarios, large areas must be fallowed to ensure
sustainability. The ratio fallow land/cultivated land is indeed the highest of all agro-ecological zones: 4.1 ha ha-1.
The high proportion of land used for arable farming, combined with a large number of permanent water points, results in the
largest (R-scenario) or second largest (S-scenario) area under cultivation: in both scenarios just over 1 000 km² (Figure 6.4). Note
that Séno Bankass is the seventh agro-ecological zone in area and comprises, for instance, only 43% of the Delta Central, the
largest agro-ecological zone.
Figure 6.4. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in Séno Bankass in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
Ten percent of the cultivated area is under cowpea or groundnut, i.e. the maximum permitted proportion in view of the imposed
rotation constraints. In the R-scenario only groundnut is selected, that being the most profitable crop in a normal year. In the S-
scenario, on the other hand, only cowpea is cultivated. As discussed already in Subsection 6.2.5, the reasons for this shift are the
tighter restrictions on maximum allowed grain deficits in dry years and the maximum number of emigrants. While average
groundnut yields decrease from 1 100 kg ha-1 in a normal year to 200 in a dry year, the decline in cowpea yield is much less
dramatic: from 600 to 320 kg ha -1.
Finally, Séno Bankass is unique because it is the only agro-ecological zone where, at least in the R-scenario, fonio cultivation is
selected. The total area, however, is limited to only 500 ha.
6.3.4 Plateau
The Plateau has in some respects characteristics similar to Séno Bankass: it is populous, with the largest population (296 000
inhabitants) of all agro-ecological zones, and medium-sized (Table 2.10). In addition, 80% of the area is within a 6 km radius
from a permanent water point, second only to in Séno Bankass with 84%.
As a consequence, the Plateau has, despite its limited size, a large area of cultivated land. In the R-scenario it amounts to 910
km², the second largest of all agro-ecological zones; in the S-scenario even 1 093 km², making it the agro-ecological zone with
the largest area under cultivation.
The Plateau differs from Séno Bankass in its predominantly rocky nature, resulting in a relatively large area, 1 300 ha, suitable
for irrigated vegetable cultivation, which is fully utilized in both scenarios. The Plateau is thus the major vegetable producing
agro-ecological zone with an annual production of 45 000 ton (fresh weight) in the R-scenario or almost half the total production
of the Region, and a production of 21 000 ton or about one third of the total production in the S-scenario. In the R-scenario
shallot cultivation is mainly selected as a more profitable crop than 'other vegetables' (tobacco, sweet potato, cassava, tomato,
etc.). In the S-scenario, mainly 'other vegetables' are grown, because of the upper limit on total monetary inputs in crop activities,
which are lower as seeds instead of (shallot) bulbs are purchased.
The large population of the Plateau and the relative scarcity of land, leads in the R-scenario to mass emigration. In the S-scenario
this possibility is blocked, resulting in surplus labour, as reflected in the absence of binding labour restrictions (Table 6.10).
The much larger population that must be fed in the S-scenario results in increased intensification. In the S-scenario 42% of the
millet area is cultivated under intensive techniques, which are absent in the R-scenario and only 26% of the millet area is then
cultivated semi-intensively. This of course, has direct consequences for the yields, which in the R-scenario are 370 kg ha-1 in
normal years and 180 in dry years, and in the S-scenario 830 and 440 kg ha-1, respectively.
Total grain production on the Plateau in a normal year is 85 000 ton in the S-scenario, compared to 33 000 ton in the R-scenario.
In a dry year, however, the subsistence needs for grains are not covered. In the S-scenario the deficit in a dry year is 65 000
(subsistence needs) - 45 000 (grain production) = 20 000 ton of grain; in the R-scenario it is almost identical: 19 000 ton of grain
(36 000 - 17 000).
Figure 6.5. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in the Plateau in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
Livestock production on the Plateau is comparable to that in Séno Bankass, although at a somewhat larger small ruminant
population, especially sheep in the R-scenario, and goats on diet I in the S-scenario. In total 103 000 (R-scenario) and 146 000
TLU (S-scenario) have their dry season home-base on the Plateau. For cattle, the major production target is draught oxen. Milk
production is low at 0.7 kg per capita per week in the R-scenario and 0.3 in the S-scenario. Because of the large population the
number of donkeys is relatively high.
6.3.5 Delta Central
This agro-ecological zone is crucial for animal production in the region as a whole. In terms of the total animal population,
expressed in TLU, 54% (R-scenario) or 47% (S-scenario), have their dry season home-base in the Delta Central. Moreover, two
thirds of the fish is caught in this agro-ecological zone. As marketable meat and fish production are the major contributors to
total monetary revenue of the Region (Table 6.2), this agro-ecological zone plays a pivotal role in any development strategy.
Over 90% of the livestock with the Delta Central as home base is migrant, i.e. during the wet season at a distance farther than 15
km from a permanent water point. Most of the animals move out of the agro-ecological zone during the rainy season. Hence,
forage supply in the dry season within a 15 km radius of a permanent water point determines the number of animals that can be
supported in the Delta Central and thus to a large extent in the Region.
Potential forage production of the herb layer on the soil types prevailing in the Delta is high. For soils that in years of a normal
flood are inundated part of the year, i.e. 77% of the total area, attainable productions of forage available for animal consumption
are presented in Table 6.14.
These estimates were obtained under the assumption that fire is used to stimulate regrowth of perennial grasses in the dry season.
If the pastures are mowed for conservation, higher available forage production is possible. In the two base runs, however, this
option has not been considered, but it can further be examined (Subsection 6.4.6). Furthermore, in the two base scenarios, it has
been assumed that soil type E1b is slightly degraded in terms of biomass production, whereas the production level of the other
inundated soil types is only one third of their potential, due to overexploitation, deficient floods and their combination.
The data presented in Table 6.14 imply that, if all inundated soils of the Delta would be used as pastures, total forage production
would be 1.78 million ton in a normal year. In the two base scenarios, total forage production of pastures, including the rainfed
pastures, is 1.76 million ton in the R-scenario and 1.64 in the S-scenario. Crop residues provide another 0.09 (R-scenario) and
0.12 million ton (S-scenario) of forage in the dry season. With this total forage supply, 956 000 TLU of which 82% migrant
cattle (R-scenario) or 698 000, of which 91% migrant cattle (S-scenario), can be supported.
In both scenarios, semi-intensive milk production, aimed at providing milk for the urban population in Mopti-town, is selected up
to its permitted maximum intensity of 5 000 TLU, implying an annual production of 2.6 million kg of milk. The high quality feed
required during the dry season in this activity, consists for two thirds of imported concentrates, the remaining third comprising
crop residues of vegetable cultivation.
Table 6.14. Area of different soil types available for pasture and arable farming [km²], forage availability [ton ha-1 ] and its N-
content [g kg-1] of natural pastures (in intact state) on these soils when fire is used to stimulate regrowth, and estimated degree
of degradation [%, 0 = intact] in the Delta Central in a normal year.
SOIL TYPE AREA FORAGE QUALITY DEGRADATION
E1b 6 100 3.0 12 15
E2b 3 850 1.1 7 67
F3b 700 1.7 11 67
G 1 110 1.3 7 67
Source: Report 2, Chapter 11
The Delta Central is the major rice producing agro-ecological zone of the Region. In the R-scenario 84% of the area under rice is
situated in the Delta Central, providing 96% of the total rice production (Figure 6.6). In the S-scenario rice production is slightly
wider distributed; the Delta Central then has a 89% share in total production and a 77% share in area. These figures imply that
average rice yields are higher in the Delta than outside. In a normal year, average yields of 2 410 (R-scenario) and 1 220 kg ha-1
(S-scenario) are attained; in dry years the values are 860 and 370 kg ha-1, respectively. The systematically higher average yields
in the R-scenario are due to the higher proportion of intensive and semi-intensive production techniques. In this scenario, rice
cultivation is confined to the polders, whereas in the S-scenario over 60% of the area under rice is outside the polders. In both
scenarios, one third of the available 33 000 ha in ORM polders are used for rice cultivation, where the most intensive production
technique is selected. In both scenarios, the 390 ha of small irrigation schemes near the villages (PPIV) that are double-cropped,
are fully utilized.
Millet and 'other vegetables' are the second and third crop in this zone. Cowpea or groundnut are not cultivated in either scenario,
nor are single purpose fodder crops, implying that, given the prices of fertilizer and meat assumed in these base runs, these
activities are not profitable. One must bear in mind, however, that rice production is rather low compared to present levels (27
000 ton in the R-scenario and 38 000 ton in the S-scenario in a normal year), so that competition for inundated land between
pasture and rice cultivation is not as strong as in the current situation.
As indicated earlier (Table 6.10), the Delta Central is the only agro-ecological zone where labour availability (or supply) is
restricting during the dry season (harvest time of rice and 'remainder of the year'). This is due to the out-of-season rice and
vegetable cultivation and the large number of animals present during that time, but also to a large extent to fisheries activities. In
the period November-June (except during the harvest time of rice), in the R-scenario for instance, the distribution of the labour
supply of 134 000 persons (male adult equivalents) is 9% in arable farming, 34% in animal husbandry and the remaining 57% in
fisheries. In the S-scenario this distribution is even more skewed: 10% arable farming, 18% livestock and 72% fisheries.
Households involved in fisheries as a secondary occupation, i.e. fishing during the period November-June only, are more frequent
in the S-scenario than in the R-scenario ( Subsection 6.2.7). Despite the differences in labour input in fisheries in the two
scenarios, total catch is the same: 62 000 ton of fresh fish in a normal year and 36 000 ton in a dry year.
Figure 6.6. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in the Delta Central in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
6.3.6 Méma Dioura
Méma Dioura is in many respects (lower) middle class. It ranks eighth in size, seventh in population and grain production, and
sixth or eighth in herd size during the dry season.
Millet is the main crop, cultivated under a semi-intensive production technique, resulting in average net yields of 490 kg ha-1 in
normal and 230 kg in dry years. A small area of 1 600 ha is under rice. The extensive production technique used, depending on
natural floods, leads to low and drought-sensitive yields of 480 kg ha-1 in a normal year and only 70 kg ha-1 in a dry year. No
other crops are grown in this agro-ecological zone (Figure 6.7).
Figure 6.7. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in the Méma Dioura in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
Total grain production in a normal year is 6 600 ton in the R-scenario and 8 200 ton in the S-scenario. In dry years, grain
production falls to 2 900 and 3 600 ton, respectively. Self-sufficiency in energy from grains for its 30 000 inhabitants would
require a production of 6 800 ton millet-equivalents, a level that only in normal years in both scenarios is attained.
The two scenarios differ most markedly in total animal population. In the R-scenario, herd size is 78 000 TLU and in the S-
scenario 51 000. The animals are, moreover, slightly more productive in terms of meat in the R-scenario. As a consequence, total
meat production in the R-scenario is 61% higher than in the S-scenario (4 700 versus 2 900 ton) with 53% more animals. This
represents an additional income of almost 600 million FCFA or 20 000 FCFA per capita in the R-scenario.
The price to be paid is a higher grain deficit in dry years in this scenario (see above) and a lower milk production: 3 300 ton
versus 5 100.
6.3.7 Séno Mango
Starting from Séno Mango, in the agro-ecological zones treated, permanent water points become scarce. In Séno Mango only
28% of the land is situated within a 6 km radius of such a point and 44% even outside a 15 km radius. Within a 6 km radius,
only 45 (R-scenario) or 120 km² (S-scenario) of the 2 500 km² available, is used for arable farming by the 21 000 inhabitants.
Exclusively millet under semi-intensive production techniques is cultivated, benefitting from the abundantly available organic
manure (Figure 6.8). Only 8 000 of the 47 000 ton of manure available in the R-scenario, is required on the fields. In the S-
scenario these numbers are 24 000 ton available and 21 000 ton required.
Figure 6.8. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in the Séno Mango in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
The peak period for labour demand is, as in all but the southernmost agro-ecological zones, the period of first weeding of millet
(Table 6.10). During that time, total labour requirements are 4 100 (R-scenario) or 11 100 (S-scenario) persons (male adult
equivalents). All of the remaining labour supply, 9 500 (R-scenario) or 2 500 persons (S-scenario), is occupied in the livestock
sector.
These data already indicate that Séno Mango is a predominantly pastoral agro-ecological zone in both scenarios, ranking fifth
with respect to herd size during the dry season. Total animal number is 84 000 TLU in the R-scenario and 76 000 in the S-
scenario. The distribution over species differs in the two scenarios as a consequence of the different labour inputs in crop
activities. In the R-scenario more labour is available for animal husbandry, so that the more profitable, but also more labour-
intensive small ruminant activities are selected. In this scenario cattle-sheep-goats are distributed 27-73-0%; in the S-scenario 98-
2-0%. Average production in terms of meat is consequently higher in the R-scenario: 66 kg TLU-1 yr-1 versus 42. Production in
terms of milk, on the other hand, is lower in the R-scenario: 25 kg TLU-1 yr-1 versus 34.
6.3.8 Gourma
The Gourma, in size similar to Séno Mango, has a much larger population: 95 000 inhabitants versus 21 000. The fraction of the
area potentially available for arable farming, however, is even smaller than in Séno Mango. Just under one quarter of the area is
situated within 6 km distance of a permanent water point.
These features of the Gourma have two consequences. First, the fraction of potentially arable land that is indeed used for crop
activities is larger, in the R-scenario 16% (fallow included), in the S-scenario 19. Secondly, because of the scarcity of land and
low yields due to climatic conditions, a tendency exists to select emigration. In the R-scenario 53 000 people (56% of the original
population) indeed leave the Region; in the S-scenario, with tighter restrictions on emigration, the number of emigrants is still 43
000.
This leaves 42 000 or 52 000 people to be fed in the R- and the S-scenario, respectively. The need to satisfy, at least partly, the
grain subsistence needs of this population, prevents a predominantly pastoral land use in the Gourma, though it would be
attractive from the point of view of generating monetary income. The goal restrictions on total regional grain deficit and on the
sum of grain deficits over the agro-ecological zones in a dry year require, however, considerable efforts in crop cultivation.
Actually in both scenarios, the Gourma is the fifth largest grain producer of all agro-ecological zones with a production in normal
years of 9 600 ton or 4.7% of the total grain production of the Region in the R-scenario and 14 500 ton or 4.3% in the S-
scenario.
The main crop is millet, but some sorghum is cultivated, as well as some vegetables. The production technique is mainly semi-
intensive, on 95% of the area in the R-scenario and 80% in the S-scenario (Figure 6.9), using all available organic manure, i.e. 32
000 ton dry matter in the R-scenario and 44 000 ton in the S-scenario.
With regard to intensification, the same mechanism operates as in some of the other agro-ecological zones (for instance Sourou,
Subsection 6.3.2), i.e. a higher level of intensification of arable farming in the S-scenario. In this scenario, 1 900 ha, i.e. 7% of
the total area under millet, is cultivated using intensive production techniques (in the R-scenario intensive millet cultivation is
absent), providing 16% of the millet production in the agro-ecological zone. On average, in the S-scenario, nutrient application
per ha on millet is 13 kg N, 0.7 kg P, 3 kg K and 1 550 kg DM of manure. Monetary inputs, costs of fertilizer included, are on
average 11 500 FCFA ha-1. Average yield in a normal year is 520 kg ha-1 representing a value of 28 600 FCFA, in a dry year
240 kg ha-1 representing a value of at least 13 200 FCFA.
Because of the substantial area under semi-intensive crop cultivation, a considerable number of oxen is necessary, in the R-
scenario 6 100, in the S-scenario 9 200. The production objective of cattle husbandry is therefore almost exclusively draught
oxen. Small ruminants are provided with a minimum diet (qualitatively) in the S-scenario and a somewhat better diet in the R-
scenario. Therefore, a higher meat and milk production is achieved in the R-scenario, despite the smaller herd size: 57 000 TLU
versus 68 000. Total annual production is 4 300 and 3 700 ton liveweight and 3 400 and 1 300 ton milk in the R- and the S-
scenario, respectively.
Figure 6.9. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal year
in the Gourma in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
6.3.9 Bodara
Bodara is located in the driest of the four rainfall zones distinguished in the Region, which is reflected in both crop yields and
pasture production (Figure 6.10).
Figure 6.10. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal
year in Bodara in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
During the dry season in a normal year only 90 000 ton of forage is available from natural pastures and about 3 500 ton from
crop residues, mostly of poor or moderate quality. In dry years, the average quality of available forage is higher, but total
availability is only 53 000 ton. The number of animals that can be supported depends on the goal restriction with respect to the
permitted number of animals at risk in a dry year. In the S-scenario, representing the more risk-avoiding attitude, no animals at
risk are accepted for the Bodara. This results in a herd size of 22 000 TLU, exclusively consisting of small ruminants and some
donkeys. In the R-scenario, herd size is 40 000 TLU, but for 16 000 TLU local forage supply is insufficient in dry years. In other
words, the price paid in the R-scenario for the production of an additional 1 100 ton liveweight in a normal year, representing
approximately 375 million FCFA, is that 40% of the livestock is at risk in a dry year.
In the R-scenario, cattle are reared, albeit to a limited extent. The primary production objective is draught oxen, of which in total
1 600 are present, enabling millet production under the semi-intensive production technique. In the S-scenario that possibility is
excluded and only extensive millet cultivation is practiced. To compensate the associated lower yields per ha (150 kg ha-1 in a
normal year versus 270 kg ha-1 in the R-scenario), a larger area is cultivated (6 600 versus 4 800 ha). Total annual millet
production in the S-scenario, 1 000 ton in a normal year, is however, still substantially lower than the 1 300 ton in the R-
scenario. But in either case it is insufficient to cover the 5 000 ton millet-equivalents for subsistence of the population. In dry
years grain deficits will be even higher as complete crop failures may occur on the soil types cultivated in this northern agro-
ecological zone.
6.3.10 Zone Lacustre
The Zone Lacustre, the northern part of the delta, is the second largest agro-ecological zone, 9 920 km² in area, and also rather
populous, with 185 000 inhabitants. Under a normal flood, 24% of its surface is flooded during part of the year.
In this respect the Zone Lacustre resembles the Delta Central, though in the latter agro-ecological zone, both total area (15 190
km²) and fraction inundated (77%) are considerably larger. Available forage from natural pastures during the dry season is
consequently considerably less. With 425 000 ton (R-scenario) and 335 000 ton (S-scenario), it is about a quarter or a fifth of that
in the Delta Central. The number of livestock that can be supported in the dry season is proportionally lower: in the R-scenario
188 000 TLU and in the S-scenario 144 000. Nevertheless, in the R-scenario the Zone Lacustre has still the second largest herd
during the dry season of all agro-ecological zones; in the S-scenario it ranks fourth (Figure 6.11).
Figure 6.11. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal
year in the Zone Lacustre in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
As already indicated by the lower pasture production, in the S-scenario more land is used for arable farming, with a high
proportion of fallow. In that scenario the goal restriction for rice production of the Region as a whole is set at 42 000 ton,
resulting in 7 600 ha under rice in the Zone Lacustre. In the R-scenario rice cultivation in this agro-ecological zone is limited to
600 ha.
In addition, to satisfy the goal restrictions on grain deficits in dry years, in the S-scenario more land is used for millet cultivation.
As manure is scarce in this scenario (Table 6.10), sustainability must in general be guaranteed by fallowing. In the R-scenario,
with a higher manure availability, less fallowing is required. As a result, the total fallow area in the S-scenario is 1 214 km² and
in the R-scenario only 148 km². The ratio fallow/cultivated land is 2.4 and 0.4 ha ha-1 in the S-scenario and R-scenario,
respectively. This also contributes to the higher forage production in the R-scenario, as fallow land has a 50% lower productivity
than rangeland in terms of consumable forage.
Millet, rice and sorghum provide 9 500 (R-scenario) or 14 300 ton (S-scenario) of grain in a normal year and 3 400 and 4 400
ton, respectively in a dry year. These production levels are much lower than subsistence needs, estimated at 42 000 ton millet-
equivalents per year. As a consequence, the Zone Lacustre is, after the Delta Central, the second largest grain importer of all
agro-ecological zones.
In both scenarios 1 700 ha is used for flood retreat sorghum cultivation under the extensive production technique. With the
Gourma (400 ha), the Zone Lacustre is the only agro-ecological zone where flood retreat cultivation of any importance takes
place.
Finally, in both scenarios vegetable production occupies 600 ha of land.
For animal production the situation is much more favourable. The agro-ecological zone produces 17 000 ton of meat or 14% of
the total regional production in the R-scenario and 10 000 ton or 12% in the S-scenario. In monetary terms, this represents 4.6
(R-scenario) or 2.3 billion FCFA (S-scenario) marketable product. Milk production is 0.9 (R-scenario) and 2 (S-scenario) kg per
person per week.
Fish production, finally, is 31 000 ton of fresh fish in a normal year and 18 000 ton in a dry year. After subtracting home
consumption, this represents a marketable product in a normal year of 7.1 billion FCFA. Monetary inputs in fisheries in this
agro-ecological zone are around 2.3 billion FCFA, so that their gross revenue is about 4.8 billion FCFA. Fisheries is the main
occupation in this agro-ecological zone in both scenarios. In the R-scenario 45% of the total working time is spent in fishery
activities, 40% in livestock activities and 15% in arable farming; in the S-scenario these values are 57, 26 and 17, respectively.
6.3.11 Hodh
Less than one percent of the total population of the Region lives in the agro-ecological zone of Hodh. Its land use pattern is very
similar to that of Bodara, with some millet cultivation, 1 500 ha semi-intensive in the R-scenario and 3 300 ha extensive (due to
the absence of oxen) in the S-scenario (Figure 6.12). In the latter scenario, sustainability can be fully attained by application of
organic manure. The 12 000 TLU produce 8 000 ton available manure, of which 3 000 ton is required in arable farming and 2 200
for fuel.
Figure 6.12. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal
year in Hodh in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
The number of animals in the R-scenario is much higher with 26 000 TLU, but for half of that animal population, insufficient
forage is available in dry years.
As in Bodara, no grain is produced in dry years.
6.3.12 Méma Sourango
Méma Sourango is the least populous of all agro-ecological zones. The main bottle-neck for exploitation is the scarcity of
drinking water. Only 16% of the available 3 100 km²is situated within a 6 km distance from a permanent water point, the lowest
fraction of all agro-ecological zones (Figure 6.13).
Figure 6.13. Land use and cropping pattern on cultivated land [km²] and total production of various commodities in a normal
year in Méma Sourango in the two base scenarios [ton dry matter; vegetables: fresh weight; oxen and donkeys: number].
In both scenarios, land use in Méma Sourango is purely pastoral. The number of animals that can be supported at this extreme
specialisation is 23 000 TLU. Both in normal and a dry years enough forage is available from pastures to feed these animals
during the dry season. The limiting factor for further expansion of the livestock activities is availability of labour (Table 6.10),
due to the population size, limited by the scarcity of drinking water.
6.4 Variants
In formulating the two base scenarios, presented in the preceding sections, choices had to be made with respect to the numerical
values of technical coefficients and parameters. These choices have been based as much as possible on observations, simulation
results and theoretical considerations, but for various reasons they are, and always will be, to some extent arbitrary. One example
is the uncertainty about production coefficients, such as those of the livestock production activities (Subsection 6.4.4). Another
uncertainty may be related to the exact interpretation of key concepts in this study, such as the situation of pastures in so-called
'dry years' and 'normal years' (Subsection 6.4.5).
Moreover, disputable are always those coefficients that can be affected by policy measures, such as taxes, subsidies and prices.
Assuming those to remain constant, as is generally done in the base scenarios, is not always fully satisfactory in a policy-oriented
study. One might be interested in the potential effects of instruments in this field, e.g. with respect to intervention prices of
outputs or prices of crucial inputs such as fertilizer. Some of these effects are examined in Subsections 6.4.2 and 6.4.3.
Finally, there may be dispute about normative choices such as the desirability of reserving part of the delta for wildlife protection
(Subsection 6.4.1). The model and the analysis cannot, of course, be used to judge that desirability; the trade-offs with other
objectives, however, can be made explicit.
Modifications of the base scenarios are called 'variants' in this study. They are numbered and referred to as the Rx-scenarios
(variant x of the base scenario R) and, analogously, the Sx-scenarios. Many relevant variants can be examined; due to lack of
time and/or data, however, in this study only five are presented in some detail. In the last subsection (6.4.6) a few possible
additional variants are briefly discussed.
6.4.1 Variant 1: Creation of nature reserves in the delta
In its Sahel Studies 1989, the World Conservation Union makes the following recommendation for priority action on protected
areas (IUCN, 1989c; p.102):
'Establish a network of protected areas in the Niger flood plain at Lac Debo, Lac Horo and Séri. This is the largest flood plain in
West Africa and an important habitat for manatees, warthogs and a wide range of migratory birds.'
Lac Debo and Séri are located within the Region, more exactly in the agro-ecological zone Delta Central. The areas involved
comprise the 'site de Walado' in the north of the agro-ecological zone, which includes Lac Debo, and is 1 031 km² in area, and in
the mid-western part of the Delta Central the 'site de Séri', 400 km² in area.
The effect of reserving these areas for nature protection on production and income of the Region is examined in this subsection.
For that purpose, the soil types involved must be known. On the basis of the maps provided by IUCN (1989a, 1989b) and the
PIRT atlas (PIRT, 1983), we estimated that it involves the following areas:
- soil type E1b 601 km²
- soil type E2b 300 km²
- soil type F1 86 km²
- soil type G 229 km²
- permanent surface water 215 km²
Total 1 431 km²
In the analysis it is assumed that protection of wildlife implies exclusion of all agricultural (including fisheries) activities in the
protected area.
It is now relatively easy to examine the impact of the creation of these two nature reserves on goal achievement in the
optimization model. The results are presented in Table 6.15, where the designations R1 and S1 refer to the variant of the two base
scenarios examined in this subsection. The line in bold refers to the goal variable optimized.
The effect on the values of the goal variables is of course different in the two scenarios, i.e. the impact is much greater in the S-
scenario, where more claims are put forward, than in the R-scenario. In the S-scenario, creation of a nature reserve results in a
decrease in annual gross (or monetary) revenue in a normal year of 5.5 billion FCFA (18 million US$), whereas in the R-scenario
that amounts to 2.1 billion FCFA (7 million US$).
Table 6.15. Effect of the creation of nature reserves in the delta on the values of the goal variables and differences with the R and
S base scenarios (R1-R and S1-S).
R1-scenario S1-scenario
Goal
value
Difference with
base scenario
Goal
value
Difference with
base scenario
PRODUCTION NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio 160 - 280 -2.1
2. Rice 29 - 42 -
3. Marketable crop products 45 -0.0 85 -15.3
4. Meat 123 -1.5 75 -11.6
5. Beef 60 -5.8 34 -22.0
6. Milk 213 -15.1 204 -
7. Animals [1000 TLU] 1 717 -45 1 320 -171
MONETARY TARGET, NORMAL YEAR [109 FCFA]
8. Gross revenue of crops,
livestock & fishery 64.6 -2.1 26.9 -5.5
9. Money input crops 6.0 0.0 15.0 -
10.Money input livest. 2.2 -0.1 1.3 -0.3
11.Money input crops,
livestock & fishery 14.5 -0.7 22.6 -1.0
PRODUCTION [1000 ton], DEFICITS AND RISKS IN A DRY YEAR
12.Millet, sorghum & fonio 82 0.3 151 -0.3
13.Rice 10 - 12 0.2
14.Crop products 190 0.3 222 -13.4
15.Regional grain deficita 140 -0.3 110 -
16.Sum sub-reg. grain deficitsa 150 - 130 -
17.Number of animals at risk [1000 TLU] 400 - 100 -
OTHER
18.Employment [1000 man-year] 334 -2.2 336 -
19.Emigration [1000 person] 250 - 50 -
a) in 1000 ton millet-equivalents.
-: no difference.
For a fair assessment of these results, one must bear in mind the limitations of this analysis. First, in this study only the impact
on the agricultural sector, which by definition is negative, is examined. The creation of nature reserves will have positive effects
outside that sector, both in terms of monetary income (tourism) and employment (management). Secondly, as Table 6.16
indicates, the final impact is sensitive to assumptions with regard to the effects on fisheries. In this analysis it has been assumed
that the reduction in total catch is proportional to the reduction in inundated area due to the creation of nature reserves (9%). This
may be an overestimate due to e.g. mobility of fish in reality, but that is difficult to quantify.
Table 6.16. Effect of the creation of nature reserves in the delta on monetary revenue in a normal year, differences with the R and
S base scenarios (R1-R and S1-S).
SOURCE Loss in production, 
marketable product
Reduction in
money inputs
Loss in
monetary revenue
[ton] [106 FCFA] [106 FCFA] [106 FCFA]
(1) (2) (1)-(2)
R1--R
CROPS
millet 314 17
sorghum - -
fonio 3 0
groundnut -97 -7
cowpea - -
vegetables - -
rice -257 -18
Subtotal -8 -18 10
LIVESTOCK
meat 1 847 511 51 460
milk (not marketable) 15 083 -
FISHERIES 8 310 2 285 669 1 616
Total 2 788 702 2 086
S1--S
CROPS
millet 1 846 102
fonio - -
sorghum - -
groundnut - -
cowpea -78 -6
vegetables 13 380 648
rice 184 13
Subtotal 757 - 757
LIVESTOCK
meat 11 668 3 430 317 3 113
milk (not marketable) - -
FISHERIES 8 490 2 435 663 1 672
Total 6 522 980 5 542
-: no difference.
0: less than 0.5 units.
Table 6.16 gives for each of the two scenarios the breakdown per commodity of the reduction in monetary revenue of the Region.
Fish catch in a normal year is estimated to be 8 300-8 500 ton lower (R and S), representing a value of about 2.3 billion FCFA.
Monetary inputs in fisheries, however, will be reduced also, by about 670 million FCFA, so that the loss in income from fisheries
is between 1.6 and 1.7 billion FCFA, which in the R1-scenario represents the larger part of the total reduction in revenue. In the
S1-scenario, on the other hand, the loss in income from animal husbandry is more important. The reduced area of dry season
pastures in the Delta Central results in a reduction in animal population from 698 000 to 539 000 TLU.
In the R1-scenario, the Zone Lacustre serves to a limited extent as an alternative dry season home-base for migrant cattle. In the
S1-scenario that is not possible, due to additional restrictions. Total annual meat production in that scenario is consequently
considerably lower, 12 000 ton liveweight, than in the base S-scenario implying a reduction in the value of marketable meat of
3.4 billion FCFA. The effect of the reduction in total meat output is slightly mitigated by the larger proportion of small ruminants
in the total population, whose meat makes a better price than beef (Table 6.15 rows 4 and 5).
Crop production is hardly affected by the creation of a nature reserve in the Delta Central, with the exception of a shift in
vegetable cultivation in the Zone Lacustre from shallot to 'other vegetables'. Their high quality crop residues that can be used as
fodder, outweigh in the final analysis of conflicting claims in this scenario, the higher yields of shallots.
6.4.2 Variant 2: Reducing the price of fertilizer by 50%
In Subsection 6.2.5, where the intensity of fertilizer application in the two base scenarios was discussed, it was shown that the
level of intensification is much higher in the S-scenario than in the R-scenario. These results were based on the market prices of
fertilizer reported for the Region (450 FCFA kg-1 N and K in elementary form and 1 250 FCFA kg-1 P).
Subsidizing industrial fertilizer to increase crop production is often considered a suitable policy instrument. To examine the
possible consequences of such a policy, a variant has been run that shows the optimum land use, in terms of maximizing gross
revenue, in case the fertilizer prices for the farmer would be reduced by 50%.
As the levels of intensification differ considerably in the two base scenarios, the effect of lower fertilizer prices is also different.
In the R2-scenario (= R-scenario with fertilizer prices -50%), it results in a three to six-fold increase in the total amount of
fertilizer applied, compared to a 25-50% increase in the S2-scenario, depending on nutrient element (Table 6.17). But even so,
the use of nitro-gen in the R2-scenario is still lower than in the original S-scenario, but not for the two other nutrient elements, P
and K. The increase in the use of these two elements in the R2-scenario, largely due to the introduction of fodder crops, is
remarkable.
Table 6.17. Total use of chemical fertilizer in the two base scenarios and with a 50% reduction in the price of fertilizer (R2 and
S2). 
CROP FERTILIZER USE
R R2 S S2
QUANTITY [ton]
N 5 181 13 084 13 161 16 212
P 305 1 807 1 457 2 192
K 1 586 7 835 7 275 10 111
VALUE [109 FCFA]
N 5.9 7.3
P 2.3 2.7
K 3.5 4.6
Total 11.7 14.5
Hypothetic subsidies [109 FCFA] 5.8 7.3
Gain in gross revenue
(R2-R and S2-S) [109 FCFA] 2.7 9.0
S2-(S without limit on monetary 
inputs) 6.6
The values of the goal variables in this variant are given in Table 6.18, in 'standard' form. It clearly shows the divergence in the
way the two scenarios are affected. In the R2-scenario grain production considerably increases, whereas in the S2-scenario total
crop production expands much more moderately. In the latter case, there is even a reduction in millet production, albeit more than
compensated by the introduction of sorghum and groundnut and a shift from 'other vegetables' to shallots.
Table 6.18. Effect of a 50% reduction in fertilizer prices on the values of the goal variables and the differences with the R- and S-
base scenarios (R2-R and S2-S).
R2-scenario S2-scenario
Goal
value
Difference with
base scenario
Goal
value
Difference with
base scenario
PRODUCTION NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio 239 78.6 278 -4.7
2. Rice 29 - 42 -
3. Marketable crop pr. 129 83.7 141 40.1
4. Meat 130 5.3 99 12.4
5. Beef 63 -3.5 57 1.0
6. Milk 217 -11.2 204 -
7. Animals [1000 TLU] 1 789 27 1 502 11
MONETARY TARGET, NORMAL YEAR [109 FCFA]
8. Gross revenue of crops,
livestock & fishery 69.4 2.7 41.5 9.0
9. Money input crops 9.9 3.9 11.9 -3.1
10.Money input livest. 2.3 0.0 2.0 0.3
11.Money input crops, livestock & fishery 19.2 4.0 20.8 -2.8
PRODUCTION [1000 ton], DEFICITS AND RISKS IN A DRY YEAR
12.Millet, sorghum & fonio 124 42.3 148 -3.4
13.Rice 10 - 13 0.4
14.Crop products 236 45.8 265 30.2
15.Regional grain deficita 95 -46.2 109 -0.7
16.Sum sub-regional grain deficitsa 150 - 130 -
17.Number of animals at risk [1000 TLU] 400 - 100 -
OTHER
18.Employment [1000 man-year] 353 17.0 336 -
19.Emigration [1000 person] 250 - 50 -
a) in 1000 ton millet-equivalents.
-: no difference.
In both scenarios of this variant, but in the S2-scenario in particular, cropping is more diversified: fonio in the R2-scenario,
sorghum in the S2-scenario and groundnut, cowpea and fodder crops in both scenarios, each contributing a few percent to total
crop production (Table 6.19 and Figure 6.14).
Figure 6.14. Total production of various commodities in a normal year in the Region in the four scenarios R, R2, S and S2 [ton
dry matter; vegetables: fresh weight; oxen and donkeys: number].
Table 6.19. Breakdown of total crop production [% of weight] in a normal year in the two base scenarios and with a 50%
reduction in fertilizer prices (R2 and S2).
CROP PRODUCTION
R R2 S S2
Millet 53 55 70 58
Sorghum 0 - - 3
Fonio 0 1 0 0
Groundnut 5 3 - 3
Cowpea - 2 3 3
Shallota) 26 18 5 17
Other vegetablesa) 6 4 11 4
Rice 9 7 10 9
Fodder crops - 10 - 4
Total 100 100 100 100
Total absolute [1000 ton] 300 427 402 478
a) fresh weight
-: zero value
0: less than 0.5 units.
The higher grain production in the R2-scenario is reflected in a considerably lower grain deficit in dry years (Table 6.18, row 15).
In fact, with the exception of milk and beef production, all goal variables attain more favourable values in this scenario. The costs
involved are illustrated in Table 6.17. The market value of the total amount of inorganic fertilizer in this scenario is 11.7 billion
FCFA. As the farmer is confronted with prices half the market value, the subsidies amount to 5.8 billion FCFA per year. The
annual increase in total regional monetary revenue is 2.7 billion FCFA and hence a deficit exists of 3.1 billion FCFA, which can
thus be interpreted as the costs to the Region to attain the more favourable values of the goal variables (the first two columns of
Table 6.18).
For the S2-scenario a similar calculation can be made. At first sight, reducing the price of fertilizer by 50% seems to result in a
net profit. This result, however, presents a distorted picture because in the base S-scenario a binding restriction on total monetary
inputs in arable farming was introduced (Table 6.1, row 9). In other words, the monetary gains of further intensification (if
allowed) counterbalance the costs of fertilizer, even at market prices.
To accurately judge the net costs of subsidizing fertilizer, the expenses (7.3 billion FCFA, Table 6.17) must be compared to the
increase in monetary revenue in the S2-scenario vis-à-vis the S-scenario without a restriction on monetary inputs in arable
farming. In that case (Table 6.17, last line) the costs appear to be 7.3 - 6.6 = 0.7 billion FCFA. That is much lower than in the
R2-scenario, but the advantages in terms of other objectives are much less impressive too (last two columns of Table 6.18).
Table 6.20, finally, presents a breakdown of the area cultivated according to crop species and intensification level. As mentioned
earlier, subsidizing fertilizer promotes intensification (especially in the R-scenario) and diversification (especially in the S-
scenario). Moreover, fodder crops become profitable at these prices of fertilizer. Only fodder cowpea is selected, bourgou
cultivation, even under these conditions, not being profitable.
Table 6.20. Breakdown [% of cultivated land] of crops according to the three production levels in the two base scenarios and
with a reduction of 50% in the price of fertilizer (R2 and S2) .
CROP LAND USE
R R2 S S2
Extensive
Millet 50.8 47.3 38.8 51.8
Sorghum 0.6 0.0 0.5 0.0
Fonio 0.1 4.0 0.0 0.1
Rice 0.6 0.6 6.0 5.0
Subtotal 52.1 51.9 45.3 56.9
Semi-intensive
Millet 38.9 12.0 24.9 6.0
Sorghum 0.0 0.0 0.0 3.0
Cowpea 0.0 1.0 6.0 0.0
Rice 3.0 3.0 2.0 3.0
Subtotal 41.9 16.0 32.9 12.0
Intensive
Millet 1.0 22.1 21.0 24.3
Groundnut 4.0 3.0 0.0 2.0
Cowpea 0.0 2.0 0.0 3.0
Other vegetables 0.9 0.9 0.7 0.7
Rice 0.1 0.1 0.1 0.1
Fodder crops 0.0 4.0 0.0 1.0
Subtotal 6.0 32.1 21.8 31.1
Total 100.0 100.0 100.0 100.0
Total absolute [km²] 3 840 3 801 4 581 4 496
6.4.3 Variant 3: a 50% increase in the producer price of crop products
An alternative policy to promote arable crop production is intervening in the market prices of agricultural products. One way to
do this is the introduction of a so-called guarantee price, a minimum price level for certain products, by the state or an official
agency. In fact, for millet a so-called guarantee price exists in the Region and is currently set at 55 FCFA kg -1. In the two base
runs this price has functioned as a reference for setting the prices of other cereals.
It is, however, of interest to examine the consequences, in terms of optimum land use, if intervention prices of products of arable
farming are set at a higher level, for example +50%, as in this third variant. As a reminder: in the base runs (the R- and the S-
scenario) the following prices were assumed [FCFA kg-1 DM]: 55 for millet, 56 for sorghum, 70 for rice (paddy) and fonio, 75
for groundnut (unshelled) and cowpea (shelled). For shallot and other vegetables the prices were 59 and 96 FCFA kg-1 fresh
weight, respectively.
In the variant presented here (the R3- and S3-scenario) all prices were increased by 50%. All other coefficients and restrictions
remain unchanged.
Most striking in the results is the limited impact of these price increases on the values of the goal variables (second and fourth
column of Table 6.21).
Table 6.21. Effect of increasing the prices of crop products by 50% on the values of the goal variables and differences with the R
and S base scenarios (R3-R and S3-S).
R3-scenario S3-scenario
Goal
value
Difference with
base scenario
Goal
value
Difference with
base scenario
PRODUCTION NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio 164 4.3 282 0.1
2. Rice 29 - 42 -
3. Marketable crop products 58 12.8 103 2.3
4. Meat 125 0.3 87 -0.3
5. Beef 66 0.0 56 0.1
6. Milk 227 -1.2 204 -
7. Animals [1000 TLU] 1768 6 1491 -
MONETARY TARGET, NORMAL YEAR [109 FCFA]
8. Gross revenue of crops,
livestock & fishery 68.5 1.8 36.0 3.5
9. Money input crops 7.3 1.3 15.0 -
10.Money input livest. 2.2 0.0 1.6 -0.0
11.Money input crops,
livestock & fishery 16.5 1.3 23.6 -0.0
PRODUCTION [1000 ton], DEFICITS AND RISKS IN A DRY YEAR
12.Millet, sorghum & fonio 84 2.1 152 0.0
13.Rice 10 - 12 -0.0
14.Crop products 195 5.7 237 2.2
15.Regional grain deficita) 134 -6.3 110 -
16.Sum sub-reg. grain
deficitsa)
150 - 130 -
17.Number of animals
at risk [1000 TLU] 400 - 100 -
OTHER
18.Employment [1000 man-year] 339 2.8 336 -
19.Emigration [1000 person] 250 - 50 -
a) in 1000 ton millet-equivalents.
-: no difference.
Of course, total regional gross revenue increases, by 1.8 billion FCFA in the R3-scenario and 3.5 billion in the S3-scenario,
because outputs are valued higher and input prices have not changed. The higher revenues in the S3-scenario are due to the
higher crop production. The distribution crops-livestock-fish and the composition of crop production, however, show no
noticeable changes. As a consequence, land use in the S3-scenario is almost identical to that in the S-scenario. The only, minor,
change is a slight expansion of shallot cultivation at the expenxe of 'other vegetables'.
In the R3-scenario, the effects are not negligible, but far from dramatic. Intensive millet cultivation is expanded from 38 to 91
km², at the expense, however, of semi-intensive cultivation of this crop. Total production of millet in a normal year is a mere
2.7% higher in the R3-scenario than in the R-scenario. Moreover, 85 km² intensive cowpea cultivation is introduced in the R3-
scenario, which was not selected in the R-scenario. Rice, vegetables, groundnut, fonio and sorghum cultivation are similar, so
that, all in all, crop production is expanded by only 13 000 ton or 4.4% in the R3-scenario.
In summary, increasing the producer prices of crop products by 50%, has almost no (S-scenario) or only a very slight (R-
scenario) impact on optimum land use and production in the Region.
6.4.4 Variant 4: Alternative coefficients for livestock activities
The technical coefficients for livestock activities in the two base scenarios were presented in Report 2, Annex 7 and, in less detail
in Section 3.3 of this report, based for cattle on the work of Ketelaars ( Breman & de Ridder, 1991). Forage intake of small
ruminants, donkeys and camels was derived from those figures assuming proportionality to metabolic weight. Their production
was estimated on the basis of intake and quality of the diet. Milk production for human consumption and meat production of
camels were neglected.
In Report 2 a somewhat different approach was followed for small ruminants, donkeys and camels (Chapters 14 and 15). An
alternative set of input-output coefficients has been derived, based on literature data and a simple demographic model for small
ruminants. Unfortunately, this new set, referred to as 'alternative livestock coefficients', was completed too late to be included in
the two base scenarios. Instead, this set of alternative coefficients is used as variant 4 in this report.
The similarities and the main differences between the two data sets are the following.
In both sets, for cattle the data of Ketelaars ( Breman & de Ridder, 1991) have been used. For calculating the alternative
livestock coefficients, however, for small ruminants, donkeys and camels, species-specific maintenance energy requirements have
been applied. They have been set at 27, 28 and 35 g digestible dry matter (DDM) per kg metabolic weight per day for small
ruminants, donkeys and camels, respectively. For cattle a value of 36 g DDM per kg metabolic weight per day is applied.
In addition, in calculating the alternative coefficients, the additional energy requirements for work of donkeys and for work and
milk production of camels has been taken into account. The consequence is that the energy intake per unit metabolic weight for
these species exceeds that of cattle.
These alternative energy requirements result in different values for dry matter intake per Tropical Livestock Unit (TLU), which
are considerably lower for small ruminants, but higher for donkeys and camels (compare Tables 3.10 and 6.22).
Table 6.22. Alternative coefficients of inputs of livestock activities, [TLU-1 yr-1]; intake of quality diet, comprising forage,
browse and concentrates [kg DM]; total labour in the wet and dry season [man-day] and money [1000 FCFA].
INTAKE LABOUR
CODE MAIN PRODUCT MOBILITY DIET FORAGE BROWSE CONC. WET DRY MONEY
Cattle
B1. Oxen sedentary II 2 010 - - 2 15 12.9
B2. Meat semi-mobile I 2 000 - - 3 8 5.4
B3. Meat semi-mobile II 2 000 - - 3 10 5.4
B4. Meat migrant I 2 010 - - 3 8 5.4
B5. Meat migrant III 2 100 - - 3 10 5.4
B7. Milk sedentary II 2 090 - - 4 12 5.4
B8. Milk sedentary III 2 200 - - 4 12 5.4
B9. Milk migrant II 2 090 - - 4 12 5.4
B10. Milk migrant III 2 200 - - 4 12 5.4
B11. Milk sedentary IV 1 850 - 330 4 13 9.2
B12. Milk sedentary IV 2 180 - - 4 13 9.2
Sheep
B13. Meat sed. & s-m. I 2 340 - - 13 40 6.6
B14. Meat sed. & s-m. III 2 350 - - 14 43 6.6
B15. Meat migrant I 2 340 - - 13 40 6.6
B16. Meat migrant III 2 350 - - 14 43 6.6
B17. Meata sedentary IV - - 1 510 5 16 4.2
Goats
B18. Meat sed. & s-m. I 2 000 350 - 13 39 6.6
B19. Meat sed. & s-m. III 1 740 800 - 14 42 6.6
B20. Meat migrant I 2 000 350 - 13 39 6.6
B21. Meat migrant III 1 740 800 - 14 42 6.6
Donkeys
B22. Transport sedentary II 2 900 - - 8 6 5.3
Camels
B23. Transport migrant II 2 440 440 - 2 14 36.3
a) on 8 months a year basis, see text.
Source: Report 2, Chapters 12-15.
The production levels of small ruminants calculated on the basis of the demographic model are, in general, somewhat higher than
those estimated in Section 3.3 . Moreover, the oxen activity and the sheep fattening activity (activities B1 and B17), in Report 2
have been defined as activities where young animals are purchased and then trained as draught animal or fattened, respectively.
The fattening of sheep is assumed to take place in a period of 8 months; the life expectancy of oxen is set at 10 years. This
alternative definition of these two activities has consequences for the technical coefficients. For the oxen, the purchase price of
young bulls must be added to monetary inputs, for sheep fattening labour and forage inputs are on a 8 months per year basis.
Finally, in the analysis in Report 2 the costs of salt lickstones as input in all livestock activities has been included. As these are
rather costly items (900 FCFA kg-1), total monetary inputs in livestock systems increase considerably.
Summarizing, the set of 'alternative livestock coefficients' differs from the one used in the two base scenarios on the following
points:
- All species: higher monetary inputs due to costs of salt lickstones.
- Small ruminants: lower dry matter intake (DMI) per tropical livestock unit (TLU); less manure per TLU available; higher meat
production per TLU; no milk available for human consumption of goats on diet I.
- Donkeys: lower DMI per TLU; higher manure availability per TLU; labour inputs also during the dry season.
- Camels: diet II instead of I; higher DMI per TLU; manure available as fuel; some milk available for human consumption as well
as some meat production; labour inputs required.
- Oxen: diet II instead of I; higher monetary inputs as a result of purchase of young bulls; higher labour inputs because of animal
training.
The alternative technical coefficients of the activities are given in Tables 6.22 (inputs) and 6.23 (outputs). The corresponding
input-output coefficients of the two base scenarios are given in Tables 3.8 and 3.10 in Section 3.3.
Table 6.23. Alternative coefficients of outputs of livestock activities, [kg liveweight, kg milk available for human consumption or
number of animals per TLU, per year]. 
CODE MAIN PRODUCT MOBILITY DIET a MEAT MILK ANIMALS MANUREb
Cattle
B1. Oxen sedentary I 0 - 0.77 580
B2. Meat semi-mobile I 37 0 - 300
B3. Meat semi-mobile II 57 93 - 290
B4. Meat migrant I 37 0 - 230
B5. Meat migrant III 71 219 - 220
B7. Milk sedentary II 54 165 - 460
B8. Milk sedentary III 62 377 - 450
B9. Milk migrant II 54 165 - 240
B10. Milk migrant III 62 377 - 230
B11. Milk sedentary IV+c 61 518 - 720
B12. Milk sedentary IV 61 518 - 720
Sheep
B13. Meat sed. & s-m I 97 0 - 520
B14. Meat sed. & s-m III 121 62 - 480
B15. Meat migrant I 97 0 - 370
B16. Meat migrant III 121 62 - 340
B17c Meat sedendary IV+c 89 19 500
Goats
B18. Meat sed. & s-m I+b 68 0 - 520
B19. Meat sed. & s-m III+b 96 180 - 510
B20. Meat migrant I+b 68 0 - 370
B21. Meat migrant III+b 96 180 - 370
Other
B18. Donkeys sedentary II - - 2.00 610
B19. Camels migrant II+b 75 240 0.83 320
a) see Table 3.7; +b: browse included; +c: concentrates included.
b) kg dry matter TLU-1 available for arable farming or fuel.
c) on eight months a year basis, see text.
Source: Report 2, Chapters 12-15.
The values of the goal variables attained with this alternative set of technical coefficients, are given in Table 6.24. Most of the
differences with the two base scenarios are obvious.
Table 6.24. Effect of alternative coefficients for livestock activities on the values of the goal variables and differences with the R
and S base scenarios (R4-R and S4-S)
R4-scenario S4-scenario
Goal
value
Difference with
base scenario
Goal
value
Difference with
base scenario
PRODUCTION NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio 160 - 281 -0.5
2. Rice 28 -0.5 42 -
3. Marketable crop products 30 -15.0 86 -14.3
4. Meat 164 39.7 109 22.0
5. Beef 49 -16.8 43 -13.1
6. Milk 201 -27.5 170 -34.0
7. Animals [1000 TLU] 1862 100 1529 38
MONETARY TARGET, NORMAL YEAR [109 FCFA]
8. Gross revenue of crops,
livestock & fishery 69.4 2.7 30.9 -1.6
9. Money input crops 5.8 -0.1 15.0 -
10.Money input livest. 12.3 10.1 10.9 9.2
11.Money input crops,
livestock & fishery 25.1 10.0 32.8 9.2
PRODUCTION [1000 ton], DEFICITS AND RISKS IN A DRY YEAR
12.Millet, sorghum & fonio 81 -0.8 153 1.2
13.Rice 10 - 11 -0.6
14.Crop products 186 -3.4 222 -13.2
15.Regional grain deficita 145 4.1 110 -
16.Sum sub-reg. grain
deficitsa 150 - 130 -
17.Number of animals
at risk [1000 TLU] 400 - 100 -
OTHER
18.Employment [1000 man-year] 366 30.5 342 5.5
19.Emigration [1000 person] 250 - 50 -
a) in 1000 ton millet-equivalents.
-: no difference.
Total monetary input in livestock activities is substantially higher, among others as a result of including the costs of salt
lickstones. The higher production levels of small ruminants per unit forage intake in the S4-scenario do not compensate for these
extra costs, so that total monetary revenue is slightly lower than in the base S-scenario. In the R4-scenario, apparently more
opportunities exist to profit from the higher productivity of small ruminants. Total herd size is expanded by 100 000 TLU and
though the costs of livestock activities increase by 10 billion FCFA, total gross revenue is 2.7 billion FCFA higher.
In both the S4- and the R4- scenario, herd composition changes in favour of sheep (Table 6.25).
Table 6.25. Level of livestock activities (specified per species, main production target, mobility) in the R- and S-scenario and with
alternative technical coefficents for livestock activities (R4 and S4) [1000 TLU].
SPECIES NUMBER
R R4 S S4
Cattle
- oxen, sedentary 126 67 254 182
- meat, semi-mobile 40 18 88 89
- meat, migrant 781 676 536 498
- milk, sedentary 102 5 42 9
- milk, migrant 0 0 96 64
subtotal 1 049 766 1 016 842
Sheep
- sedentary 9 17 7 24
- semi-mobile 398 722 201 344
- migrant 175 238 26 116
subtotal 582 977 234 484
Goats
- semi-mobile 78 71 163 147
- migrant 5 0 31 8
subtotal 83 71 194 155
Donkeys 32 32 32 32
Camels 16 16 16 16
Total 1 762 1 862 1 492 1 529
The alternative coefficients for mutton production are clearly more favourable than those for both beef and goat meat, while the
coefficients for sheep milk production are also more favourable than in the base scenarios. In the R- and R4-scenarios goats are
introduced only to utilize part of the available browse forage supply. In the S- and S4-scenarios, where the lower limit on milk
production is binding, some more goats are selected. In both cases, however, the shift towards sheep results in a lower milk
production level (Table 6.24, row 6).
With the alternative set of technical coefficients a shift in the location of animals during the dry season, from the Delta Central to
the Zone Lacustre can be observed (Table 6.26). Hence, it is apparently more profitable to sacrifice some millet cultivation in the
Zone Lacustre for pastures and to do the reverse in the Delta Central. However, total production of millet, sorghum, fonio and
rice in the Region is hardly affected (Table 6.24, rows 1, 2, 12 and 13).
Table 6.26. Dry season home base of livestock in the R- and S-scenario and with alternative technical coefficients for livestock
activities (R4 and S4) [1000 TLU].
AGRO-ECOLOGICAL ZONE NUMBER
R R4 S S4
Sourou 163 180 180 187
Séno Bankass 45 52 55 61
Plateau 103 132 146 149
Delta Central 956 851 698 657
Méma Dioura 78 95 51 60
Séno Mango 84 96 91 86
Gourma 57 75 68 81
Bodara 40 53 22 31
Zone Lacustre 188 265 144 169
Hodh 26 36 12 19
Méma Sourango 23 27 23 28
Total 1 762 1 862 1 491 1 529
The large decline in total marketable crop production has different backgrounds in the R4 and S4-scenario. In the R4-scenario it
is almost entirely due to the absence of groundnut production which amounted to 16 500 ton in the R-scenario, and is not
compensated by the production of 1 000 ton cowpea (which was not selected in the R-scenario). The lower feed requirements per
TLU of small ruminants in this variant, allows replacement of intensive peanut cultivation, partly grown for its high quality by-
products, by some semi-intensive cowpea cultivation with much lower fertilizer inputs.
In the S4-scenario the decline in total crop production is almost entirely due to a shift from cultivation of shallots to 'other
vegetables' with a much lower yield per unit area (16 versus 35 ton ha-1), while the total area of vegetable cultivation remains the
same. Expressing vegetable production in fresh weight, where grains are expressed in dry matter, suggests a much greater effect
of this shift on total crop production than actually is the case.
6.4.5 Variant 5: Reduced production of inundated pastures following a series of dry years
For the forage production of inundated perennial pastures in the base scenarios, reference is made to Chapter 11 in Report 2. The
basic data used in the LP-model are partly given in Table 6.14, where for the Delta Central the flooded area, available forage per
unit area, and its quality all for a normal year are given, as well as an indication of the degree of degradation. The latter value is
used to correct total forage production either through decreasing the area or through a lower production per unit area.
In formulating the base scenarios it was assumed that the temporal distribution of years with deficient floods is random. Hence,
under a deficient flood the area of flooded pastures is not affected, but the production per unit area is lower, and hence total
available forage.
The data on flooded area, forage availability and degree of degradation for the base scenarios are summarized in Table 6.27.
Table 6.27. Surfaces [km2], estimated degree of degradation and forage availability [t ha-1] of intact natural pastures of the
inundated soils of the delta in a normal and a dry year. Base scenarios: R and S.
SOIL TYPE AREA DEGRADATION
(0%=intact)
FORAGE
Crue normale Crue basse
E1b 7 480 15 3.0 2.0
E2b 4 474 67 1.1 0.7
F3b 752 67 1.7 1.0
G 2 073 67 1.3 0.6
Total 14 779 29 2.1 1.4
An alternative assumption with respect to deficient floods could be that their temporal distribution is not random, but that they
occur in sequence.
Actually, five of the six years used to define average flooding height in deficient years (510 cm) occured between 1982 and 1988
and average flooding height over that period is 519 cm ( Section 2.3). Hence, as for the fishery activities (Report 2, Chapter 16), it
may be assumed that the average flooding height for a normal flood (660 cm) is representative for a sequence of normal floods
and the average flooding height for a deficient flood is representative for a sequence of deficient floods. The consequence of that
assumption is that under a deficient flood also the flooded area is reduced (Table 2.8, Section 2.3), which also affects the
vegetation cover (Report 1, Chapter 5).
To take that into account, it is assumed that after a sequence of deficient floods the natural vegetation on flooded soils has
changed, such that it can re-establish itself in its ecological niche, which is determined essentially by flooding height, rather than
by edaphic factors. In other words, when flooding height oscillates around a normal value during a sequence of years, the area of
the various flooded pasture types stabilizes at a 'normal' value and available forage varies with actual flooding height.
When flooding height oscillates around a low value during a sequence of years, the area of the various flooded pasture types
stabilizes around a low value, with forage availibility varying with actual flooding height.
For this variant it is also assumed that under normal flooding conditions forage availability assumes a normal value without
degradation effects (optimal situation not taking into account fire and unavoidable losses). Under deficient flooding conditions
forage availability from the flooded pastures stabilizes around a lower value. On the soils that are not flooded, the perennial
vegetation has disappeared, and because of their heavy texture an annual vegetation cannot establish, hence forage availability is
negligible. In Table 6.28 the values of flooded surfaces and forage production under normal and deficient floods as used in
variants R5 and S5 are given.
This alternative approach allows taking into account the current situation of degraded soils in the delta, as well as the expansion
of rice cultivation. Actually, the data in Table 6.28 show that under deficient floods the area of the various vegetation types
decreases, except for the Oryza associations (soil type F3b).
Table 6.28. Surfaces and forage availability of natural pastures of the inundated soils of the delta, following a series of normal or
a series of dry years. Alternative scenarios: R5 and S5.
SOIL TYPE NORMAL FLOOD LOW FLOOD
AREA FORAGE AREA FORAGE
E1b 7 480 3.0 2 113 2.0
E2b 4 474 1.1 1 961 0.7
F3b 752 1.7 1 458 1.0
G 2 073 1.3 1 195 0.6
Total 14 779 2.1 6 727 1.2
Considering a 'dry year' representative for a sequence of dry years and a 'normal year' for a sequence of normal years, implies
that the difference in forage production of the flooded pastures between dry and normal years will be larger than in case of a
random distribution. As 96% of the flooded land is located in only two agro-ecological zones, the Delta Central and the Zone
Lacustre, production is only affected in these two zones. Availability of forage during the dry season in these two agro-ecological
zones in the base scenarios and under this variant, is presented in Table 6.29.
Table 6.29. Available forage production in the Delta Central and Zone Lacustre during the dry season in the two base scenarios
and with alternative coefficients for inundated pasture production (R5 and S5) [1000 ton DM].
FORAGE TYPE AVAILABILITY
R R5 S S5
SERIES OF NORMAL YEARS
Crop residues 130 115 169 152
Pasture, herb layer 2 160 3 296 1 972 2 758
Browse 34 48 8 14
Total 2 324 3 459 2 149 2 924
Difference with R or S [%] +49 +36
SERIES OF DRY YEARS
Crop residues 62 53 70 53
Pasture, herb layer 1 389 859 1 258 741
Browse 34 48 8 14
Total 1 485 960 1 336 808
Difference with R or S [%] -35 -40
Because degradation is not taken into account after a series of normal years, contrary to the situation in the base scenarios (Table
6.27), forage supply in the alternative scenarios is higher (49 and 36% in the R5 en S5 scenario, respectively) following a series
of normal years. After a sequence of dry years, however, it is considerably lower in this variant: 35% and 40% in the R5- and the
S5-scenario, respectively.
These results have consequences for the feasible development pathways. If the constraints imposed on the goal variables are
identical to those in the base scenarios (with the exception of total milk production), total herd size and consequently animal
production decrease substantially, as shown in Table 6.30, rows 4-7.
Table 6.30. Effect of lower inundated pasture production following series of dry years on the values of the goal variables and
differences with the R and S base scenarios (R5-R and S5-S). 
R5-scenario S5-scenario
Goal
value
Difference with
base scenario
Goal
value
Difference with
base scenario
PRODUCTION NORMAL YEAR [1000 ton]
1. Millet, sorghum & fonio 160 - 286 4.0
2. Rice 29 +0.6 42 -
3. Marketable crop products 46 +0.6 53 -47.1
4. Meat 110 -14.9 63 -23.9
5. Beef 49 -17.2 24 -32.4
6. Milk 183 -44.9 136 -68.0
7. Animals [1000 TLU] 1 511 -251 1 124 -367
MONETARY TARGET, NORMAL YEAR [109 FCFA]
8. Gross revenue of crops,
livestock & fishery 62.8 -3.9 21.0 -11.5
9. Money input crops 5.8 -0.2 15.0 -
10.Money input livest. 2.0 -0.3 1.0 -0.7
11.Money input crops,
livestock & fishery 14.7 -0.4 22.9 -0.7
PRODUCTION [1000 ton], DEFICITS AND RISKS IN A DRY YEAR
12.Millet, sorghum & fonio 81 -0.2 154 2.6
13.Rice 10 - 10 -2.1
14.Crop products 190 -0.2 185 -50.2
15.Regional grain deficita 141 0.1 110 -
16.Sum sub-reg. grain
deficitsa 150 - 130 -
17.Number of animals
at risk [1000 TLU] 400 - 100 -
OTHER
18.Employment [1000 man-year] 312 -23.8 336 -
19.Emigration [1000 person] 250 - 50 -
a)in 1000 ton millet-equivalents.
-: no difference.
In general, the impact of the alternative assumptions with regard to flooded pasture production is stronger in the S-scenario than
in the R-scenario. Total monetary revenue for instance, decreases by 3.9 billion FCFA in the R5-scenario, but by 11.5 billion
FCFA in the S5-scenario (Table 6.30, line 8).
Because of the limited forage supply after a sequence of dry years in this variant, the accepted number of animals at risk in dry
years becomes crucial in the optimization. In the S-scenarios this number is set at 100 000 TLU versus 400 000 in the R-
scenarios, which explains the greater impact in the S-scenario. Under the assumptions of this variant, animal husbandry is more
risky. If extra risk is accepted, the consequences are limited; a more risk-avoiding attitude (the S-scenarios) has more far-reaching
consequences.
The sharp decline in total crop production in the S5-scenario, both in normal and dry years, is entirely due to the decrease in
vegetable production of over 50 000 ton. This effect, however, is inflated, because vegetable production is expressed in fresh
weight, contrary to dry weight for grains. The reduction in vegetable production in the S5-scenario is due to the restricted
availability of manure in the Delta Central and the Zone Lacustre: from 258 000 ton in the S-scenario to 176 000 ton in the S5-
scenario. Fuel demands 87 000 ton, so that in the S5-scenario only half the amount of that in the S-scenario is available for arable
farming. Vegetable cultivation, with a manure requirement of around 10 ton ha-1, is first restricted by this scarcity of manure.
In general, the decrease in availability of manure, caused by the smaller herd size, leads to more emphasis on either extensive or
intensive crop cultivation. In semi-intensive techniques relatively large amounts of organic manure are applied, compared to low
manure application in the extensive techniques and inorganic fertilizer in the intensive techniques. The proportion of semi-
intensive arable farming in the total cultivated area falls from 42% in the R-scenario to 39% in the R5-scenario, and from 33% in
the S-scenario to 16% in the S5-scenario.
In both scenarios in this variant, herd size decreases considerably: in the R5-scenario by 251 000 TLU, in the S5-scenario by 367
000. Cattle are especially affected, in particular the migrant production systems with meat as production target (Table 6.31). The
Delta Central as dry season home-base can support in this variant about 350 000 TLU less (Table 6.32).
Table 6.31. Livestock activities (specified per species, main production target and mobility) in the R- and S-scenario and with
alternative coefficients for inundated pasture production (R5 and S5) [1000 TLU].
SPECIES NUMBER
R R5 S S5
Cattle
- oxen, sedentary 126 122 254 259
- meat, semi-mobile 40 0 88 42
- meat, migrant 781 598 537 0
- milk, sedentary 102 66 42 18
- milk, migrant 0 0 96 251
subtotal 1 049 786 1 017 570
Sheep
- sedentary 9 9 7 3
- semi-mobile 398 202 201 179
- migrant 175 369 26 152
subtotal 582 580 234 334
Goats
- semi-mobile 78 76 163 37
- migrant 5 20 31 137
subtotal 83 96 194 174
Donkeys 32 32 32 32
Camels 16 16 16 16
Total 1 762 1511 1 491 1 124
Table 6.32. Dry season home base of livestock in the R- and S-scenario and with alternative coefficients for inundated pasture
production (R5 and S5) [1000 TLU].
AGRO-ECOLOGICAL ZONE NUMBER
R R5 S S5
Sourou 163 163 180 181
Séno Bankass 45 53 55 58
Plateau 103 105 146 151
Delta Central 956 602 698 341
Méma Dioura 78 51 51 51
Séno Mango 84 67 91 83
Gourma 57 57 68 68
Bodara 40 28 22 26
Zone Lacustre 188 335 144 123
Hodh 26 24 12 14
Méma Sourango 23 27 23 27
Total 1 762 1 511 1 491 1 124
In the R5-scenario the Zone Lacustre can partly take over the role of the Delta Central in this respect, in the S5-scenario other
claims are so pressing that this is impossible. Even with a shift from wet season grazing to dry season grazing and a slight
expansion of the pasture area in the Zone Lacustre, the subsistence requirements for grain in dry years, prevents expansion of the
herd size at the pasture production in this variant. The restricted grain deficit in dry years is partly realized in the S5-scenario by
considerable extension of the area of flood retreat sorghum. In the R5-scenario more land in the Zone Lacustre can be used for
pastures, because a larger grain deficit in dry years is accepted. In fact, in the R5-scenario only 20% of the area within a radius of
6 km from a permanent water point is cultivated or fallowed, against 59% in the S5-scenario. Here too, accepting greater risks
creates more room to manoeuvre and, higher levels of income, in a normal year.
6.4.6 Possible additional variants
To explore the development possibilities of the Region under different assumptions, a large number of relevant variants can be
constructed. Due to lack of time and/or reliable data, in this study only five have been treated in some detail. Moreover,
additional variants should be chosen not only on the basis of analytical interest, but primarily on the basis of their relevance for
the parties with a stake in the development of the Region. In that sense, the results of this study must be considered as
preliminary, possibly leading to additional questions and analyses. A few interesting possibilities are suggested here.
6.4.6.1 Pasture production: mowing of inundated pastures
An important option in pasture management is mowing the inundated pastures instead of using fire to stimulate regrowth in the
dry season. Total forage availability could thus be increased considerably. Labour, some equipment, storage and transport
facilities would, however, be required as additional inputs. Production data under this practice are available (Report 3, Chapter
11), but more information is required on the possible exploitation intensity on a sustainable basis. Also, quantitative information
on the additional inputs required under this type of management is lacking.
6.4.6.2 Pasture production: fire control on rainfed pastures
At present, fire, either through natural causes or lighted on purpose, is responsible for considerable losses of biomass in the
rainfed pastures. Data on the losses involved are available (Report 3, Chapter 11). Abating these fires would require additional
labour and probably heavy equipment to construct, among others, fire lanes. In addition, an extension program may be necessary
aimed at restraining farmers to light fire on purpose. Quantitative information on the additional inputs required to realize a
substantial reduction in both natural fires and those lighted by man is lacking.
6.4.6.3 Pasture production: improved management
Alternative activities that could be included are those based on improved natural pastures. A wide range of possibilities for
pasture improvement could be considered:
- Applying fertilizer.
- Introduction or re-introduction of leguminous species.
- Introduction or re-introduction of perennial grasses.
- Abating wind and/or water erosion.
In addition, a more sophisticated treatment of harvested forage from pastures could be considered, including specific storage
practices with or without the addition of urea.
Information on the required inputs and expected production increases of these management techniques is available, albeit
fragmentary. Inclusion in a model analysis such as the one used in this study, however, requires complementation of that
information and adaptation to the Region-specific conditions.
6.4.6.4 Expansion of the irrigated area
Irrigated crop production in completely controlled irrigation schemes may become an attractive option, especially if limiting grain
deficits in dry years is an important objective.
At present, the small village-irrigation schemes ('PPIV') comprise in total 390 ha. Analysis of the model results indicates that
expansion would be profitable in both the R- and S-scenarios (but more so in the S-scenario), as indicated by the fact that the
upper limit on total irrigated area is binding when total monetary revenue is maximised. This holds for estimated annual charges
of 350 000 FCFA ha-1, based on total investments in irrigation works and motor pump of 3.5 million FCFA ha-1 and a life
expectancy of 10 years (Report 2, Chapter 3).
Expansion of the area under irrigation for vegetable cultivation, currently estimated at 3 300 ha, also appears to be profitable in
both the R- and S-scenario, as the shadow price of the restriction on the total area available is positive. For vegetables, however,
saturation of the market with its effects on prices, can appreciably affect profitability.
6.4.6.5 Introduction of herbicides
Table 6.10 shows that in nine (R-scenario) or eight (S-scenario) of the eleven agro-ecological zones, labour availability during
the period of first weeding of millet is restricting. Introduction of herbicides could alleviate that constraint. The shadow prices of
labour provide an indication for the extent to which saving labour would contribute to the value of the goal variable, monetary
income, as they represent the increase in gross revenue that can be attained by decreasing labour requirement by one unit (one
man-year) during the period of first weeding. The values vary per agro-ecological zone as illustrated in Table 6.33.
Table 6.33. Shadow prices of labour per agro-ecological zone in the two base scenarios during the period of first weeding of
millet [1000 FCFA per man].
AGRO-ECOLOGICAL ZONE SHADOW PRICE OF LABOUR
R-SCENARIO S-SCENARIO
Sourou - 32
Séno Bankass - -
Plateau 0 -
Delta Central 20 -
Méma Dioura 34 162
Séno Mango 34 174
Gourma 0 0
Bodara 14 27
Zone Lacustre 12 41
Hodh 14 29
Méma Sourango 22 106
In Méma Dioura and Séno Mango, in particular in the S-scenario, introduction of herbicides appears to be attractive. Up to 174
000 FCFA could be earned (neglecting the costs of application of herbicide) if labour requirements could be reduced by one man
during weeding time. The first weeding of millet requires 10 man-days per ha and the available period is 15 days, so that one
man can weed on average 1.5 ha. Dividing the numbers in Table 6.33 by 1.5 provides an indication of the amount of money that
could be spent per ha on herbicides to break even in monetary terms.
Note, however, that these shadow prices indicate the marginal gains only: if herbicides were to be applied on a substantial scale,
other constraints could become limiting, thus reducing the total gain. To analyse these effects properly, all costs of application of
herbicides (extension, training, purchase of the chemicals and depreciation of equipment) should be considered. As an alternative
crop activity, the application of herbicides can then be incorporated in the LP-model to assess its profitability.
